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ORIGINAL  ARTICLES 


AN  EXPERIMENTAL   INVESTIGATION  OF  CERTAIN   FEATURES   OF 
THE  PHARMACOLOGICAL  ACTION  OF  SALVARSAN* 


5y  D.  E.  Jackson,  Ph.D.,  U.D.,  and  G.  Raap,  A.B.,  A.M.,  Cincinnati,  Oi 


IN  a  series  of  experiments  performed  at  the  Hygienic  Laboratory  in  Washing- 
ton in  the  year  1918  it  was  shown  by  Jackson  and  Smith^  that  one  of  the 
most  important  and  outstanding  features  of  the  acute  symptoms  of  poisoning  fol- 
lowing the  intravenous  injection  of  arsphenamine  solutions  in  dogs  consists  in 
the  production  of  a  very  marked  and  prolonged  rise  in  the  pulmonary  blood  pres- 
sure. This  within  itself  would  perhaps  be  sufficient  to  account  for  a  part,  if  not 
for  all,  of  the  milder  toxic  symptoms  which  are  occasionally  produced  clinically 
by  the  injection  of  arsphenamine.  But  aside  from  the  pulmonary  vascular 
changes,  there  remained  the  possibility  that  the  dyspnea  and  marked  respiratory 
disturbances  which  are  frequently  present  during  "nitritoid  crises"  of  severe, 
acute  arsphenamine  intoxication  might  be  due  to,  or  associated  with,  a  marked 
bronchial  constriction.  This  point  was  not  investigated  by  Jackson  and  Smith 
although  at  that  time  the  presence  of  some  such  factor  as  this  was  strongly  sus- 
pected, particularly  on  account  of  the  analogy  in  action  on  the  bronchioles  which 
is  often  exhibited  among  metallic  salts.  In  the  present  work  we  have  carried 
out  some  preliminary  experiments  in  order  to  determine  whether  or  not  any 
true  bronchial  asthmatic  action  is  produced  by  injections  of  arsphenamine. 

The  solutions  used  by  us  have  been  made  up  from  "salvarsan"  as  produced 
by  the  H.  A.  Metz  Laboratories  in  New  York.  Mr.  Metz  has  very  kindly  sup- 
plied us  with  a  quantity  of  "salvarsan"'  of  lot  No.  H56.  This  was  a  particularly 
good  batch  as  had  been  previously  shown  by  laboratory  tests  and  by  extensive 
clinical  use.  Generally  our  solutions  have  been  made  up  to  2  per  cent  strength 
of  salvarsan,  and  the  amount  of  alkali  used  in  neutralizing  the  dihydrochloride 
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«alt  has  been  sufficient  to  produce  the  disodiuni  salt,  and  in  most  instances  a 
further  slight  excess  of  alkali  has  been  added.  In  a  few  cases  we  used  mixtures 
of  the  mono-  and  di-sodium  salts.  Fresh  solutions  were  always  made  up  only 
a  few  minutes  before  they  were  injected  into  the  animal. 

Figs.  1,  2,  and  3  show  at  once  the  action  which  salvarsan  has  on  the  systemic 
blood   pressure    (lower  tracing)    and  on   the  bronchial   musculature.      The   lung 


tracings  in  these  experiments  were  made  by  means  of  a  siiecial  method-  in  which 
air  was  intermittently  aspirated  from  the  chest  cavity  while  the  tracing  was 
made  by  a  tambour  connected  with  the  side  tube  of  the  tracheal  cannula.  The 
dogs  were  pithed  in  each  case.  In  tracing  1,  it  is  seen  that  20  c.c.  of  2  per  cent 
salvar.san  .solution  injected  into  a  dog  weighing  8.5  kilos  produced  practically  no 
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effect  at  all  on  the  bronchioles,  either  in  the  nature  of  contraction  or  dilatation. 
Fig.  2  shows  a  moderate  contraction  of  the  bronchioles  as  indicated  by  the  slio-ht 
reduction  in  amplitude  of  the  respiratory  tricing.  (It  should  be  noted  here  that 
the  pulmonary  pressure  of  this  animal  undoubtedly  rose  to  a  great  height  fol- 
lowing the  injection  of  the  salvarsan.)     N'ear  the  end  of  this  tracing  an  injection 


of  4  c.c.  of  codeine  sulphate  (20  milligrams)  was  made.  This  produced  a  marked 
contraction  of  the  bronchioles  and  was  intended  to  be  a  check  on  the  technic 
of  the  experiment  in  order  to  show  that  the  apparatus,  the  lungs,  etc.,  were  all 
working  properly.  Fig.  3  ii  a  similar  experiment  in  which  20  c.c.  of  salvarsan 
caused  a  slight  dilatation  of  the  bronchioles.    These  experiments  show  that  good 
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preparations  of  salvarsan  do  not  cause  a  marked  contraction  of  the  bronchioles. 
But.  on  the  other  hand,  they  do  not  show  that  especially  toxic  preparations  might 
not  i)roduce  very  serious  results  in  this  direction.  Obviously  this  point  should 
be  investigated  further,  and  with  a  much  larger  range  of  samples  of  arsphena- 
minc  than  we  have  had  at  our  command  in  the  present  investi£;ations.     A  num- 
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ber  of  intermediary  chemical  compounds  produced  in  the  manufacture  of  arsphen- 
amine  were  examined  by  Jackson  and  Smith,  but  it  appeared  that  none  of  those 
examined  at  that  time  could  be  responsible  for  severe,  acute  symptoms  follow- 
ing arsphenamine  injections.  I'.ut  in  a  later  paper  by  Smith^  it  was  shown  that 
another  intermediary  compound,  namely  amino-hydroxy-phenyl-arsenoxide. 
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OH 

which  is  an  oxidation  product  of  arsphenamine,  affected  the  pidmonary  blood 
pressure  in  a  manner  quite  comparable  with  that  of  a  solution  of  arsphenamine 
of  corresponding  strength.  "The  arsenoxide  content  of  arsphenamine  varies 
usually  between  0.5  and  2  per  cent.     Occasionally  a  preparation  is  encountered 


that  contains  as  high  as  5  per  cent  arsenoxide  (Dr.  C.  N.  Myers,  quoted  hy 
Smith)  and  such  a  prepa;?tion  might  very  readily  be  highly  toxic  owing  solely 
to  its  arsenoxide  content."  In  a  recent  article  by  Schamberg,  Kolmer  and 
Raiziss*  the  presence-  in  some  arsphenamine  and  neoarsphenamine  preparations- 
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of  an  unidentified  toxic  substance  designated  by  them  as  "X'"  has  been  empha- 
sized. And  Stokes  and  Busman^  have  reported  toxic  reactions  following  injec- 
tions of  arsphenamine  through  a  certain  brand  of  so-called  pure  gum  rubber 
tubing  when  this  is  new,  but  not  after  the  tubing  has  been  used  for  a  short  while. 
It  is  obvious  that  such  factors  as  these  might  possibly  cause  a  severe,  or  even 
fatal,  bronchoconstriction  in  very  susceptible  patients,  when  any  such  constric- 
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tion  was  complicated  by  the  simultaneous  i)resence  of  a  great  rise  in  the  pul- 
monary arterial  pressure.  Unfortunately  it  will  require  many  more  experiments 
before  all  such  obscuring  phenomena  as  thc-;c  can  be  fully  investigated.  But  the 
present  experiments  have  been  suflkient  to  show  tliat  any  dangerous  broncho- 
constriction is  not  to  be  feared  with  the  proper  use  of  first  class  preparations  of 
arsphenamine.     (See  also  Hanzlik  and  Karsner*.) 
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Bearing  in  mind  the  evident  rise  in  pulmonaiy  arterial  pressure  after 
arsphenamine  injections,  as  first  demonstrated  by  Jackson  and  Smith/  and  which 
was  further  investigated  by  Smith^  alone,  we  have  attempted  in  the  present  work 
to  investigate  further  certain  features  of  this  important  reaction.  We  have 
accordingly  devised  a  very  sensitive  method  for  detecting  verv  minute  changes 
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in  the  pulmonary  pressure.  The  arrangement  of  the  apparatus  as  used  by  us  is 
diagrammatically  illustrated  in  Fig.  4.  In  this  illustration  it  will  be  seen  that  a 
cannula  tied  into  the  left  pulmonary  artery  was  connected  with  a  manometer  by 
rubber  tubing.  The  chest  was  opened  widely  and  artificial  respiration  was  main- 
tained throughout  the  experiment.  Ether  was  administered  by  means  of  a  spe- 
cial sight- feed  device**  which  has  been  described  by  us  elsewhere.     The  manom- 
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etcr  and  the  rubber  tubing  connecting  with  the  puhnonar}-  artery  were  all  filled 
with  normal  salt  solution  (0.8  per  cent  sodium  chloride  in  water).  This  solu- 
tion has  worked  very  well  for  us,  and  clotting  has  been  very  much  less  trouble- 
some than  was  the  case  when  we  used  sodium  citrate  solution.  This  latter  is 
yery  poisonous  and  easily  stops  the  heart  if  a  small  amount  gets  back  into  the 
right  ventricle.  Sodium  chloride  solution  does  not  affect  the  heart.  The  top 
of  the  distal  limb  of  the  manometer  was  connected  by  rubber  tubing  to  a  burette 
of  50  c.c.  capacity.  The  salt  solution  reached  only  a  little  way  up  in  the  burette, 
the  upper  part  of  which  contained  air  and  was  connected  by  means  of  glass  and 
rubber  tubing  to  a  tambour  having  a  bowl  about  two  inches  in  diameter.  The 
tambour  was  very  sensitive  and  thus  readily  recorded  on  the  drum  very  minute 
changes  in  the  pulmonary  pressure.  Carotid  pressure  was  recorded  in  the  usual 
manner  with  a  mercury  manometer. 

Fig.  5  shows  the  results  in  two  different  dogs  of  injections  of  salvarsan  so- 
lution, as  recorded  from  the  pulmonary  (upper)  and  carotid  (lower)  arteries. 
It  will  be  seen  that  the  pulmonary  pressure  rose  abruptly  to  a  great  height  and 
that  it  did  not  fall  Until  the  carotid  pressure  reached  a  very  low  level.  In  the 
left  hand  tracing  only  8  c.c.  in  all  was  injected  into  a  small  dog,  yet  this  killed 
the  animal.     In  the  right  hand  tracing  20  c.c.  of  solution  was  fatal. 

Fig.  6  shows  a  profound  and  lasting  rise  in  pulmonary  pressure  following 
injection  of  20  c.c.  of  2  per  cent  salvarsan  solution.  It  will  be  noted  here  that 
the  carotid  pressure  remained  at  almost  the  normal  height  for  a  considerable 
time  after  the  injection  of  the  drug,  which  was  carried  out  rapidly.  And  again 
the  pulmonary  pressure  remained  very  high  until  the  heart  had  reached  an  ex- 
tremely weakened  condition. 

From  Figs.  5  and  6  it  will  be  seen  that  sudden  intravenous  injections  of  sal- 
varsan produce  their  chief  circulatory  results  primarily  in  the  lungs.  From  a 
clinical  standpoint  it  is  interesting  to  speculate  as  to  what  symptoms  such  an 
action  as  this  might  produce  in  the  patient.  And  Fig.  6  shows  further  that  an 
ordinary  blood  pressure  determination  as  recorded  from  the  arm  might  prove 
very  deceptive  so  far  as  showing  the  real  condition  of  the  entire  circulatory 
system  was  concerned.  For  here  the  general  systolic  pressure  had  fallen  only  a 
few  millimeters  at  a  time  when  the  pulmonary  pressure  had  risen  to  an  enormous 
height.  It  will  be  noted,  of  course,  that  the  dose  and  rate  of  injection  here  con- 
siderably exceeded  that  applying  clinicall}-.  We  have  accordingly  attempted  to 
get  some  comparative  insight  into  the  matter  by  giving  very  small,  consecutive 
injections  as  shown  in  Fig.  7.  In  this  case  1  c.c.  was  injected  ami  then,  after 
an  interval,  a  further  1  c.c,  etc.,  was  given.  In  this  manner  we  are  able  to  ob- 
serve the  immediate  results  following  each  separate  small  dose.  It  is  seen  that 
1  c.c.  causes  a  very  considerable  rise  in  pulmonary  pressure.  The  second  1  c.c. 
dose  still  further  increases  this  rise,  as  does  each  of  the  succeeding  injections. 
And  it  will  be  seen  that  the  systemic  pressure  actually  rose  following  the  first 
injection.  Five  injections  of  1  c.c.  each  and  one  injection  of  3  c.c.  (8  c.c.  in  all) 
finally  brought  the  pulmonary  pressure  almost  to  the  limit  of  its  capacity  to  rise. 
And  this  process  represented  a  duration  of  some  minutes. 

Figs.  5,  6,  and  7  all  well  illustrate  a  peculiar  jihenomenon  which  appears  to 
be  always  present  in  experiments  involving  the  rapid  injection  of  salvarsan  so- 
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lutions.  It  will  be  noted  that  in  each  of  these  tracings  the  pulmonary  tambour 
at  the  very  beginning  of  the  record  exhibited  marked  excursions  up  and  down. 
These  excursions  resulted  from  the  respiratory  movements  of  the  lungs.  The 
corresponding  excursions  can  also  be  seen  in  the  mercury  manometer  tracing 
from  the  carotid  pressure.  The  speed  of  the  drum  was  too  slow  here  to  show 
the  blood  pressure  movements  following  each  individual  beat  of  the  heart.  But 
immediately  after  the  injection  of  the  drug  the  pulmonary  pressure  started  to 
rise.  At  the  same  time  the  amplitude  of  the  respiratory  excursions  of  the  tam- 
bour began  to  decrease,  and  as  soon  as  a  very  high  altitude  was  reached  by  the 
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pressure  the  respiratory  excursions  were  reduced  to  a  minimum  or  disappeared 
altogether.  But  during  all  this  period  the  respiratory  inflation  and  deflation  of 
the  lungs  remained  constant,  for  this  was  carried  out  by  means  of  an  artificial 
respiration  machine.  Now  let  us  ask,  What  is  the  cause  of  this  peculiar  change 
in  the  pulmonary  blood  pressure  as  reflected  from  the  respiratory  excursions  of 
the  lungs?  For  we  have  noted  above  that  but  little  change  was  produced  in  the 
bronchial  musculature  by  the  salvarsan. 

Fig.  8  probably  illustrates  a  point  having  a  bearing  on  this  subject.     In  this 
tracing  it  is  seen  that  three  small  injections  of  2  c.c.  each,  produced  a  marked  rise 
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in  the  pulmonary  pressure  but  had  only  a  slight  effect  on  the  carotid  pressure. 
Following  these,  however,  an  injection  of  Yi  c.c.  of  adrenaline  (1-10,000)  was 
given  and  this  raised  the  carotid  pressure  but  markedly  lowered  the  pulmonary 
pressure.  At  the  same  time  there  was  a  slight  tendency  for  the  amplitude  of 
the  respiratory  movements  of  the  pulmonary  tambour  to  increase,  that  is,  to  re- 
turn toward  the  normal  again.  But  as  the  effects  of  the  adrenaline  wore  off  the 
respiratory  excursions  of  the  tambour  again  became  reduced.  This  same  point 
is  again  illustrated,  perhaps  more  markedly,  in  Fig.  9.     This  peculiar  and  un- 
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expected  action  of  adrenaline  calls  to  mind  at  once  the  xanous  clinical  recom- 
mendations which  have  been  made  by  Milian,"  Bee.son,"  and  dllicrs  regarding 
the  use  of  adrenaline  in  cases  of  severe  arsphenamine  poisoning.  And  the  re- 
lation which  adrenaline  bears  to  the  spasmodic  contraction  of  the  bronchioles  in 
acute  anajjhylaxis  also  reminds  one  of  the  various  anaphylactic  hypotheses  by 
which  different  writers  have  attempted  to  explain  the  cause  of  arsphenamine 
poisoning.  \\e  have  not  been  able  to  prove,  however,  that  the  phenomena  which 
we  have  noted  here  as  being  produced  by  adrenaline  in  cases  of  experimental 
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acute  salvarsan  poisoning  bear  any  direct  relation  to  the  clinical  results  which 
have  been  described  as  being  produced  by  adrenaline  injections  in  some  cases  of 
arsphenamine  poisoning.  On  the  other  hand,  the  apparent  improvement  and 
lowering  of  the  pulmonary  pressure  would  undoubtedly  be  of  benefit  in  these 
cases.  We  strongly  suspect  that  the  lowering  of  the  pulmonary  pressure  here 
was  due  to  a  mechanical  shifting  of  the  blood  from  the  venous  to  the  arterial 
side  of  the  circulatory  system.     This  would  result  from  contraction  of  the  arte- 
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rioles.  The  direct  action  of  adrenaline  on  the  heart  would  also  tend  to  improve 
the  general  character  of  the  circulation.  It  would  appear  that  when  the  pul- 
monary pressure  is  very  high  then  the  pulmonary  arterioles,  etc.,  are  put  on  such 
a  high  tension  that  the  regular  respiratory  movements  of  the  lungs  are  not  suf- 
ficient to  cause  much  change  in  the  relative  movement  and  volume  of  blood  in 
the  pulmonary  vessels,  as  indicated  in  the  tracing  made  by  the  pulmonar)^  tam- 
bour. Adrenaline  causes  a  general  .shifting  of  the  blood  volume  and  thus  in- 
directly aflfects  the  pulmonary  pressure. 
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\\'e  wish  now  to  take  up  another  phase  of  the  subject.  It  was  long  ago 
shown  by  Joseph"  that  acid  solutions  of  arsphenamine  could  produce  precipita- 
tion in  the  blood  if  the  concentration  of  the  drug  exceeded  0.1  per  cent.  And 
Danysz'o  has  attempted  to  show  that  precipitation  of  the  arsphenamine  occurs 
both  in  vitro  and  vivo  even  with  alkaline  solutions.  Smith^  in  the  light  of  these, 
and  other  previous  observations,  has  carefully  studied  this  point  with  reference 
to  the  action  of  solutions  of  arsphenamine  on  serum  in  vitro.  He  finds  that  acid 
solutions  (dihydrochloride)  of  arsphenamine  produce  very  bulky  precipitates  in 
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serum  in  vitro,  and  also  cause  a  great  rise  in  pulmonary  pressure  if  injected  in- 
travenously. In  vitro  the  precipitate  between  serum  and  the  monosodium  salt 
of  arsphenamine  varies  from  a  distinct  turbidity  to  a  moderately  heavy  precipi- 
tate. But  Smith  found  that  no  precipitate  occurred  in  vitro  between  dog  serum 
and  alkaline  arsphenamine  solutions  containing  0.8  c.c.  or  more  normal  sodium 
hydrate  per  100  mg.  of  drug.  Smith  has  also  .shown  further  that  perfusion  of 
the  lungs  with  a  .solution  of  arsphenamine  dihydrochloride  in  physioUjgical  salt  so- 
lution causes  a  contraction  of  the  i)ulni()nar\  vessels  and  a  consequent  decrease  in 
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the  rate  of  outflow  of  the  perfusion  fluid.  Since  this  occurs  with  acid  arsphena- 
mine  solutions,  it  seems  evident  that  the  drug  itself  acts  directly  on  the  pul- 
monary arterioles  to  cause  contraction,  and  that  this  is  not  entirely  dependent  on 
the  alkali  of  the  solutions  as  ordinarily  used.  Apparently  then  pulmonary  vas- 
cular obstruction  may  be  due  to  an  extensive  precipitate  of  the  drug,  to  a  spec- 
ification of  the  drug  itself  on  the  muscle  fibers  of  the  arteriole  walls,  and  to  the 
presence  of  alkali  in  the  solution  used.  In  order  to  throw  some  further  light 
on  this  question  we  have  made  injections  of  the  drug  into  the  femoral  arterj-  as 
shown  in  Fig.  9.  In  this  case  it  will  be  seen  that  a  dose  of  12  c.c.  produced  a 
considerable  rise  in  the  pulmonary  pressure.     (The  rise  was  really  about  twice 
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as  great  as  the  curve  shows,  for  a  slight  leak  in  the  metal  bowl  of  the  tambour 
was  allowing  air  to  escape  very  slowly  throughout  the  tracing.  This  was  dis- 
covered after  the  experiment  was  over.)  \\'e  believe  that  in  this  case  the  drug 
(injected  into  the  peripheral  end  of  the  femoral  artery)  simply  washed  out  the 
blood  from  the  artery  and  then  passed  directly  on  into  the  femoral  vein  without 
being  precipitated  out  to  any  marked  extent  in  the  leg  capillaries.  This  then, 
was  almost  equivalent  to  slow  injection  into  the  femoral  vein  directly. 

We  next  proceeded  to  inject  the  salvarsan  solution  into  a  branch  of  the 
portal  vein.  In  this  case  the  solution  had  to  pass  through  the  liver  capillaries  as 
shown  diagrammatically  in  Fig.  4.     Fig.  10  shows  the  result  of  two  such  injec- 
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tions  (of  5  c.c.  and  7  c.c).  It  will  be  noted  that  no  rise  occurred  in  the  ])ui- 
nionary  pressure,  but  on  the  contrary  some  slight  fall  may  have  been  produced. 
Fig.  11  shows  first  an  injection  of  5  c.c.  of  salvarsan  solution  into  the  portal 
vein  of  a  small  dog.  This  produced  an  obvious  fall  in  both  the  pulmonary  and 
the  carotid  pressures.  Following  this  Yz  c.c.  of  adrenaline  solution  was  given. 
This  caused  a  slight  fall  of  pulmonary  pressure,  but  only  a  faint  rise  of  the 
systemic  pressure.  As  a  check  on  the  action  of  the  apparatus,  etc.,  two  other 
injections  (3  c.c.  and  10  c.c.)  of  salvarsan  solution  were  finally  given  hy  -way  of 
the  femoral  vein.  The  latter  of  these  produced  a  very  obvious  rise  in  the  pul- 
monary pressure.     These  experiments  evidently  show  that  the  liver  has  removed 
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from  the  salvarsan  solution  its  jjower  to  cause  a  rise  in  the  pulmonary  pressure. 
But  on  the  contrary  some  portion  of  the  drug  must  pass  througii  the  liver  and  on 
into  the  general  circulation,  for  Fig.  11  shows  that  the  salvarsan  injections 
caused  the  systemic  pressure  to  fall  to  zero  and  thus  caused  the  death  of  the 
animal.  This  same  point  is  further  illustrated  in  Fig.  12.  Here  40  c.c.  of  1  per 
cent  salvarsan  solution  was  injected  (between  the  points  marked  x,  x).  This 
dose  by  femoral  vein  would  certainly  have  raised  the  pulmonary  pressure  to  a 
great  height.  Here,  however,  only  a  gentle  rise  in  the  pulmonary  pressure  was 
produced,  and  this  appears  as  if  it  might  have  been  due  simi)ly  to  the  addition 
of  solution  to  the  b1o(Kl  volume  of  the  animal.      I'ut   nevertheless,  this  dose  of 
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the  drug  still  exercised  a  very  obvious  toxic  action  on  the  animal.  Near  the  end 
of  the  tracing  an  attempt  was  made  to  inject  salvarsan  into  the  femoral  vein. 
Three  and  one-half  c.c.  were  injected  which  started  to  produce  an  immediate 
rise  in  the  pulmonary  pressure,  but  unfortunately  some  air  passed  into  the  vein 
through  the  injecting  cannula  and  the  animal  died  of  air  embolism  (verified  at 
autopsy).  The  marked  rise  in  the  pulmonary  tambour  here,  however,  serves  as 
a  valuable  check  on  the  technic  of  the  experiment  and  shows  that  any  rise  which 
the  salvarsan  might  have  produced  in  the  pulmonar}-  pressure  would  have  been 
promptlv  recorded.  W'e  feel  obliged  to  conclude,  therefore,  that  if  salvarsan 
solutions  be  injected  into  the  portal  vein,  the  passage  of  the  drug  through  the 
liver  will  almost,  if  not  totally,  remove  its  power  to  raise  the  pulmonary  pressure. 
It  is  probable  that  this  action  occurs  to  some  extent,  and  this  may  be  rather 
marked  in  some  instances,  in  the  case  of  the  arterioles  and  capillaries  of  the  leg 
also.  But  the  liver  seems  to  be  much  more  effective  in  this  direction  than  are 
the  tissues  of  the  leg. 

It  seems  probable  to  us  that  this  action  of  the  liver  results  mainly,  if  not 
entirely,  from  a  precipitation  of  the  major  portion  of  the  salvarsan  within  the 
organ  itself,  perhaps  in  the  form  of  emboli  in  the  liver  capillaries.  The  well- 
known  detoxicating  action  which  the  liver  manifests  toward  many  poisons  is 
not  probably  extensively  concerned  in  this  matter,  at  least  not  in  the  manner  in 
which  such  detoxication  is  usually  considered.  There  is  a  rather  striking  sig- 
nificance in  the  rapidity  with  which  this  precipitation  must  occur  in  the  liver,  if 
this  is  the  correct  explanation,  for  evidently  only  a  very  small  proportion  of  the 
pulmonary  pressure  raising  substance  passes  the  liver,  while  at  the  same  time  very 
obvious  effects  from  the  drug  may  be  produced  in  the  carotid  pressure  immedi- 
ately. This  point  perhaps  has  a  bearing  on  the  marked  symptoms  of  liver  disturb- 
ance, jaundice,  etc.,  which  are  frequently  manifested  clinically  in  arsphenamine 
poisoning. 

CONCLUSIOXS 

1.  First-class  preparations  of  salvarsan  have  almost  no  direct  action  on  the 
bronchial  musculature  of  the  dog.  It  seems  obvious  that  acute  symptoms  re- 
sembling anaphylactic  shock,  or  the  so-called  "nitritoid  crises,"  if  produced  by 
good  preparations  of  salvarsan  cannot  be  due  to  a  spasmodic  contraction  of  the 
bronchioles.  But  we  are  not  sure  that  this  action  might  not  occur  in  the  case  of 
especially  toxic  samples  of  the  drug. 

2.  We  have  studied  the  action  of  salvarsan  on  the  pulmonary  pressure  by 
means  of  an  especially  sensitive  method.  \\'e  believe  that  even  the  smallest  in- 
jections of  salvarsan  exercise  some  immediate  action  on  the  pulmonary  pressure. 
Its  detection  depends  only  on  the  sensitivity  of  the  method  employed  for  its 
investigation. 

3.  When  the  pulmonaiy  pressure  has  been  greatly  raised  by  salvarsan  we 
ha\e  noted  that  injections  of  adrenaline  tended  to  lower  this  pressure,  and  also 
to  restore  the  excursions  of  the  pulmonary  pressure  due  to  the  respiratory  move- 
ments of  the  lungs,  when  these  had  been  previously  greatly  reduced  by  the  sal- 
varsan. We  believe  this  results  mainly  from  a  mechanical  shifting  of  the  blood 
from  the  action  of  the  adrenaline  on  the  systemic  vasculature. 
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4.  When  solutions  of  salvarsan  are  injected  into  the  general  circulation  by 
way  of  the  femoral  artery  the  pulmonary  blood  pressure  is  still  raised  by  the 
drug.  But  the  rise  in  pressure  is  less  than  if  the  drug  were  injected  by  the  fem- 
oral vein. 

5.  When  solutions  of  salvarsan  are  injected  into  the  portal  vein  and  are 
thus  carried  through  the  liver  before  passing  into  the  general  circulation,  then 
it  is  found  that  the  drug  produces  but  little  if  any  effect  on  pulmonary  pressure, 
although  if  the  dosage  is  very  large  the  pulmonary  pressure  may  be  raised 
slightly,  apparently  only  as  the  result  of  an  increased  volume  of  fluid  in  the  ves- 
sels.    But  toxic  doses  thus  injected  tend  to  lower  the  jflilmonary  pressure. 

6.  We  believe  this  action  of  the  liver  is  brought  about  by  a  precipitation  of 
the  drug  in  the  capillaries  and  arterioles  of  the  liver.  This  apparently  does  not 
correspond  to  the  ordinary  detoxicating  action  of  the  liver  as  manifested  on 
many  poisons. 

7.  This  precipitation  in  the  liver  takes  place  quickly  and  it  does  not  prevent 
some  portion  of  the  drug  from  passing  on  into  the  general  circulation.  For  the 
systemic  pressure  may  fall  to  a  proportionately  much  greater  degree  than  does 
the  pulmonary  pressure. 
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CHEMICAL  CHANGES  IN  THE  BLOOD  IN   DISEASE^ 

VIL  Chlorides 


By  Victor  C.  Myers,  Ph.D.,  Xew  York  City 


ALTHOUGH  accurate  data  on  the  chloride  content  of  the  blood  have  been 
available  longer  than  for  the  other  blood  constituents  described  in  earlier 
papers  of  this  series,  its  determination,  has  not  become  a  verj^  common  clinical 
procedure.  This  can  hardly  be  ascribed  to  difficulties  in  the  estimation  of  the 
chlorides,  since  it  has  been  one  of  the  simpler  blood  determinations,  but  must  be 
attributed  to  either  a  lack  of  practical  value  in  the  test  or  to  a  nonappreciation  of 
its  importance,  or  possibly  to  both  these  factors. 

Some  of  the  observations  recorded  in  the  literature  give  the  chloride  con- 
tent of  the  whole  blood,  others  the  content  of  the  plasma  or  serum.  Xormally 
the  chloride  content  of  whole  blood  as  sodium  chloride  amounts  in  round  num- 
bers to  0.45  to  0.50  per  cent,  while  for  the  plasma  the  figures  are  about  0.12  per 
cent  higher,  i.  e.,  0.57  to  0.62  per  cent.  Since  the  plasma,  rather  than  the  whole 
blood,  bathes  the  tissues  of  the  body,  it  would  seem  more  logical  to  study  the 
chloride  content  of  the  plasma.  Unfortunately,  unless  the  plasma  is  quickly  sep- 
arated from  the  corpuscles  there  appears  to  be  a  gradual  change  (increase)  in 
its  chloride  content  owing  to  a  passage  of  carbon  dioxide  from  the  plasma  into 
the  corpuscles  (or  its  escape  into  the  air)  and  of  chlorides  from  the  corpuscles 
to  the  plasma.  In  his  paper  dealing  with  the  chlorides  of  blood  plasma  McLean^ 
considered  the  influence  of  the  plasma  being  allowed  to  stand  in  contact  with  the 
cells,  but  concluded  that  any  change  took  place  very  slowly  and  that  it  was  nec- 
essary only  to  centrifuge  within  two  to  three  hours  to  avoid  this  danger.  In 
their  first  paper  on  the  plasma  bicarbonate  Van  Slyke  and  Cullen=  called  attention 
to  the  effect  which  carbonic  acid  changes  in  whole  blood  might  have  on  the  chlo- 
ride content  of  the  plasma,  a  loss  in  bicarbonate  resulting  in  an  increase  in  the 
plasma  chloride.  This  observation  has  recently  been  confirmed  and  extended  by 
Fridericia,'  who  states  that  estimation  of  the  chlorides  of  the  plasma  or  serum 
from  blood  which  has  been  kept  in  open  receivers  must  give  too  low  results,  be- 
cause chlorides  have  passed  into  the  plasma  (or  serum)  on  account  of  the  de- 
creasing CO„  tension.  Similar  observations  regarding  the  increase  in  the  plasma 
chlorides  on  standing  have  been  made  by  ]\Iyers  and  Short.*  This  being  the  case, 
results  obtained  on  whole  blood  would  appear  to  be  more  trustworthy  than  those 
obtained  on  plasma.  In  any  case  a  significant  change  in  the  blood  chlorides 
should  definitely  aft'ect  the  chloride  content  of  whole  blood  as  well  as  that  of  the 
plasma. 

As  far  back  as  1850  Carl  Schmidt,^  in  his  classic  studies  on  the  blood  with 
special  reference  to  cholera,  gave  figures  for  the  chloride  content  of  whole  blood 

•From  the  Laboratory  of  Pathcogical  Chemistry,  Xew  York  PostGraduate  Medical  School  and 
Hospital,  New  York  City. 
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Table  I 

Observations  of  Schmidt  on  the  Chloride  Content  of  Whole  Blood  and  Plasma 
Recalculated  as  NaCl 


age 

sex 

chlorides  as  NaCl 

CASE 

whole    blood 

plasma 

per  cent 

per  cent 

1.  Normal 

25 

3 

0.437 

0.589 

2. 

20 

2 

0.474 

0.608 

3.  Cholera 

26 

9 

0.352 

4. 

SS 

S 

0.431 

5. 

20 

2 

0.370 

0.506 

6. 

71 

5 

0.367 

0.492 

7. 

23 

3 

0.398 

0.558 

Diabetes 

34 

5 

0.461 

0.572 

4.  Chronic  edema  with  albuminuria 

39 

S 

0.552 

0.646 

5.  Anasarca  without  albuminuria 

42 

S 

0.503 

0.633 

and  plasma.  Some  of  the  observations  recorded  by  Schmidt  at  that  time  have 
been  recalculated  to  terms  of  sodium  chloride  and  are  given  in  Table  I.  The 
figures  obtained  in  cholera  appear  to  be  low,  while  in  the  case  of  chronic  edema 
with  albuminuria  there  is  a  definite  increase  for  both  whole  blood  and  plasma. 

The  French  school  was  the  first  to  emphasize  the  importance  of  the  reten- 
tion of  chlorides  in  nephritis,  particularly  in  those  cases  with  edema,  and  to 
systematically  employ  restrictions  of  the  chlorides  in  the  diet  in  the  treatment 
of  these  cases.  The  contributions  of  Widal  and  Java!"'  '  are  well  known  in  this 
connection.  These  studies  were  later  extended  by  Ambard,*'  ^' '"  who  considered 
the  relation  of  the  chlorides  of  the  serum  to  this  general  question,  and  constructed 
a  formula"  to  express  the  rate  of  chloride  excretion  similar  to  his  well-known 
formula  for  urea. 

In  this  country  McLean^  has  devoted  considerable  attention  to  this  subject, 
working  along  lines  somewhat  similar  to  those  of  Ambard.  In  a  fairly  large 
series  of  normal  individuals  he  found  the  plasma  chloride  to  van,-  from  0.57  per 
cent  to  0.62  per  cent  with  a  very  constant  chloride  threshold  of  about  0.562  per 
cent.  The  threshold  was  calculated  from  the  formula  of  Ambard  and  W'eill" 
and  confirms  their  observation  on  this  point.  McLean  considered  the  question 
of  the  i)lasnia  chlorides  in  a  number  of  pathologic  conditions,  the  lowest  ob- 
servation being  0.50  per  cent  in  a  diabetic  and  the  highest  0.84  per  cent  in  a 
cardionephritic  shortly  before  death.  In  general,  relatively  increased  concentra- 
tions of  chlorides  were  found  in  the  plasma  in  certain  forms  of  cardiac  and 
renal  disease,  while  decreased  concentrations  were  noted  in  certain  diabetic  and 
fever  patients,  also  after  the  action  of  digitalis,  the  decreased  concentrations  ap- 
parently resulting  from  a  temporary  or  permanent  lowering  of  the  chloride 
threshold.  Failure  to  excrete  chlorides  in  pneumonia  was  found  to  be  associated 
with  a  lowered  concentration  of  chlorides  in  the  plasma,  excretion  reappearing 
with  a  rise  in  the  plasma  chlorides.  Edema  was  usually  found  to  be  accom- 
panied by  a  relatively  increased  concentration  of  chlorides  in  the  plasma,  which 
ordinarily  returned  to  the  normal  state  with  the  disappearance  of  the  edema. 

During  the  present  year  Allen'=  has  published  a  paper  on  arterial  hyperten- 
sion which  has  aroused  considerable  interest.     He  has  endeavored  to  show  that 
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salt  retention  (as  shown  by  the  plasma  chloride)  is  the  cause  of  pure  hyperten- 
sion, and  also  of  the  hypertension  in  many  cases  of  kidney  disease.  This  is  a 
very  fascinating  explanation  of  hypertension,  especially  because  restriction  in 
the  chloride  intake  affords  such  a  simple  means  of  treatment.  Very  recently 
Mosenthal  and  Short"  have  carried  out  in  this  hospital  studies  on  cases  of  so- 
called  pure  hvpertension  with  special  reference  to  the  relation  of  the  blood  chlo- 
rides to  the  blood  pressure.  So  far  these  experiments  have  not  given  support  to 
Allen's  theory. 

Host^*  in  a  recent  issue  of  this  journal  has  presented  a  discussion  of  chloride 
metabolism  with  some  interesting  observations  on  several  cases  of  acute  nephritis. 
These  cases  showed  edema,  increased  blood  pressure,  and  a  definite  increase  in 
the  chloride  concentration  of  the  whole  blood,  figures  ranging  from  0.51  to  0.54 
per  cent.  With  improvement  there  was  an  increased  chloride  excretion  and 
the  blood  chlorides  returned  to  a  normal  concentration  of  0.45  to  0.47  per  cent. 

A  few  illustrative  findings  for  the  chloride  content  of  whole  blood  in  ne- 
phritis, anemia,  essential  hypertension  and  diabetes  are  given  in  Table  II.  These 
are  recent  observations  made  with  the  method  described  below.  (I  am  indebted 
to  Dr.  Killian  for  many  of  the  figures.)  In  general  it  will  be  noted  that  the  chlo- 
rides were  high  in  most  of  the  cases  of  nephritis,  but  were  practically  normal 
in  the  cases  of  essential  hypertension  and  diabetes,  although  with  the  last  men- 
tioned the  figures  were  comparatively  low.     That  the  blood  chlorides  may  be 


Table  II 
Chlorides  of  Whole  Blood  in  Miscellaneous  Conditions 


CASE 

AGE 

SEX 

CHLORIDES 
AS 

NaCl 

UREA 

N 

SUGAR 

PLASMA 
CO, 

CONDITION 

per  cent 

mg.  to 
100 

per  cent 

c.c.  to 
100 

1.  S.T. 

38 

s 

0.594 
0.538 
0.513 
0.480 
0.394 

100 
161 

0.136 

20 
20 
20 

Advanced       nephritis.       re- 
stricted  chloride   diet 

2.  F.M. 

37 

S 

0.587 

43 

0.092 

Cardio-nephritis 

3.  A.W. 

8 

9 

0.585 

91 

0.157 

27 

Acute  nephritis 

4.  M.W. 

44 

3 

0.550 

117 

0.136 

Diffuse      nephritis,      edema, 
death 

5.  M.D. 

30 

s 

0.537 

43 

0.121 

.\dvanced  nephritis 

6.  C.B. 

48 

9 

0.529 

25 

0.128 

Cardiac  decompensation, 
acute  nephritis 

7.  L.G. 

35 

9 

0.525 

88 

0.131 

Luetic  kidney 

8.  M.I. 

75 

3 

0.494 

121 

0.172 

.\dvanced  nephritis 

9.  R.K. 

67 

3 

0.456 

28 

0.142 

Prostatic   obstruction 

10.  A.S. 

24 

9 

0.519 

16 

0.130 

43 

Postpartum   eclampsia 

11.  J.Z. 

2i 

9 

0.600 

12 

0.093 

Pernicious  anemia 

12.  J.H. 

62 

3 

1       0.519 
0.457 
0.443 
0.500 

14 

Essential  hypertension 

13.  A.K. 

40 

9 

12 

0.134 

Essential  hypertension 

14.  T.M. 

45 

3 

0.492 

13 

0.121 

15.  G.M. 

49 

3 

0.432 

16 

0.101 

" 

16.  E.K. 

64 

9 

0.478 

0.390 

44 

Diabetes 

17.  C.I. 

50 

9 

0.444 

0.375 

" 

18.  I.J. 

40 

3 

1       0.444 

0.440 

42 

" 
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readily  lowered  in  some  cases  of  advanced  interstitial  nephritis  by  restricting  the 
chlorides  in  the  diet  is  well  brought  out  by  the  observations  on  Case  1,  this  tak- 
ing place  while  the  nitrogen  retention  was  increasing. 

GENERAL  DISCUSSION 

Although  the  practical  value  to  be  derived  from  the  estimation  of  the  blood 
chlorides  can  hardly  be  compared  with  that  of  some  of  the  other  blood  constit- 
uents already  described,  still  it  is  believed  that  the  preliminary  estimation  of  the 
chloride  content  of  the  blood  in  cases  of  nephritis  may  often  be  of  great  assist- 
ance, particularly  in  indicating  the  extent  to  which  chlorides  should  be  re- 
stricted in  the  diet.  Furthermore,  this  estimation  should  be  utilized  to 
determine  when  the  blood  chlorides  have  returned  to  their  normal  level.  It  is 
believed  that  in  the  past,  chloride  restrictions  have  often  been  made  when  they 
were  not  indicated,  and,  when  indicated,  have  been  continued  until  in  some  cases 
the  chlorides  of  the  blood  reached  a  subnormal  concentration. 

In  general  it  may  be  stated  that  high  blood  chlorides  have  been  found  in 
nephritis,  certain  cardiac  conditions,  in  anemia  and  some  cases  of  malignancy 
(possibly  due  to  an  accompanying  renal  involvement),  while  low  values  have 
been  observed  notably  in  fevers,  diabetes  and  pneumonia.  The  chloride  reten- 
tion in  most  cases  of  ne|)hritis  apparently  results  from  impaired  renal  function. 

The  excretion  of  chlorides  and  nitrogen  seem  to  be  fairly  independent  func- 
tions. In  contrast  to  so-called  parenchymatous  nephritis,  the  function  of  excret- 
ing chlorides  in  interstitial  nephritis  appears  to  be  much  less  impaired  than  that  of 
excreting  nitrogen.  Consequently  a  restriction  in  the  chloride  intake  in  the  latter 
condition  may  fairly  quickly  restore  the  chlorides  to  normal. 

When  cases  of  advanced  nephritis  with  marked  nitrogen  retention  are  put 
on  a  restricted  chloride  diet  it  is  sometimes  noted  that  the  blood  chlorides  drop 
to  a  subnormal  level,  such  as  is  occasionally  found  in  severe  diabetes.  A  pos- 
sible explanation  for  this  is  that,  owing  to  the  large  amounts  of  urea  and  sugar 
present  in  the  blood  in  these  conditions,  less  chloride  is  needed  to  maintain  normal 
osmotic  conditions.  This  may  also  help  to  explain  the  increased  blood  chlorides 
in  anemia. 

It  is  of  considerable  interest  that  the  chloride  retention  in  pneumonia  is 
associated  with  a  decrease  in  the  chloride  concentration  of  the  blood. 

ESTIMATION    OF   THE    BLOOD    CHLORIDES 

The  estimation  of  the  chloride  content  of  blood  is  made  with  the  aid  of 
volumetric  methods  long  employed  in  analytical  chemistry.  It  has  simjily  been 
necessary  for  the  physiologic  chemist  to  completely  remove  the  blood  jiroteins 
so  that  the  chlorides  could  be  titrated.  When  care  is  employed,  it  is  possible 
to  ash  the  blood  and  determine  the  chlorides  in  the  ash,  but  such  a  method 
is  not  suited  to  practical  purposes.  A  number  of  different  methods  have 
been  suggested  for  the  precipitation  of  the  proteins  (these  are  discussed  else- 
where'), but  none  of  these  have  worked  as  well  in  our  hands  as  the  use  of  picric 
acid  first  employed  by  Van  Slyke  and  Don!eavy'=  for  this  purpose.  Since  picric 
acid  is  used  for  the  precipitation  of  the  proteins  in  the  methods  for  creatinine 
and  sugar  estimation  already  described,  it  is  iiossihle  to  save  considerable  time 
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by  Utilizing  a  portion  of  this  same  filtrate.  (Myers  and  Short*  have  shown  that 
this  1  to  5  dilution  of  the  blood  extracts  the  chlorides  quite  as  well  as  the  1  to  20 
dilution  employed  by  Austin  and  Van  Slyke.^") 

Having  obtained  a  blood  filtrate  suitable  for  the  chloride  estimation,  one 
is  confronted  with  the  selection  of  a  method  of  chloride  titration. .  McLean  and 
Van  Slyke^'^  have  suggested  an  iodimetric  method  which  is  delicate  and  gives  a 
sharp  end  point  when  the  starch  solution  is  fresh.  We  are  inclined  to  prefer, 
however,  the  well  known  thiocyanate  titration  of  Volhard,  using  iron  as  an  in- 
dicator. The  end  point  in  the  titration  is  possibly  not  as  sharp,  but  the  solu- 
tions are  permanent,  and  may  be  readily  prepared  by  diluting  the  solutions  em- 
ployed in  the  Volhard-Harvey^^  method  for  urine. 

Method* — The  chloride  titration  may  be  carried  out  on  the  same  picric  acid  filtrate  as 
employed  for  the  estimation  of  the  creatinine  and  the  sugar  already  described,  or  the  fol- 
lowing technic  may  be  employed  for  the  precipitation  of  the  proteins :  To  12  c.c.  of  dis- 
tilled water  in  a  20-25  c.c.  centrifuge  tube  are  added  3  c.c.  of  whole  blood  (or  plasma),  and 
then  about  0.5  gm.  of  dry  picric  acid.  The  mixture  is  now  stirred  until  protein  precipita- 
tion is  complete  and  the  mixture  turns  a  bright  yellow  color.  The  precipitate  is  next  thrown 
down  in  the  centrifuge,  and  the  supernatant  fluid  filtered  into  a  dry  tube. 

Five  c.c.  of  the  filtrate  are  then  pipetted  into  a  centrifuge  tube  of  25  c.c.  capacity  and 
20  c.c.  of  the  standard  silver  nitrate-acidified  ferric  alum  indicator  solution*  added.  The 
contents  are  stirred  to  insure  thorough  mixing  and  the  silver  chloride  precipitate  thrown 
down  in  the  centrifuge.  The  clear  supernatant  fluid  is  decanted  into  a  clean  dry  beaker  and 
20  c.c.  pipetted  into  a  small  porcelain  evaporating  dish  for  titration. 

The  titration  is  made  with  ammonium  thiocyanate  solution**  of  such  strength  that  1 
c.c.  is  the  equivalent  of  1  c.c.  of  the  silver  indicator  solution.  The  end  point  is  definite  and 
consists  of  the  first  permanent  tinge  of  reddish  brown  which  extends  throughout  the  mix- 
ture. Some  experience  may  be  necessary  before  the  end  point  is  always  recognized,  but 
thereafter  there  need  be  no  difficulty  in  obtaining  exact  duplicate  titrations.  Passing  the 
end  point  by  one  drop  will  introduce  an  error  ordinarily  of  about  0.5  per  cent  in  estimating 
chlorides  in  100  c.c.  of  blood. 

The  calculation  may  be  carried  out  with  the  aid  of  the  following  formula : 

20-  (titer  X  -,  )  X  0.5  X  100  =  mg.  of  sodium  chloride  in  100  c.c.  of  whole  blood  or  plasma. 

4 

The  5  c.c.  of  picric  acid  filtrate  contains  the  chlorides  from  1  c.c.  of  blood.  Since 
only  four-ftfths  of  this  is  titrated,  it  is  necessary  to  introduce  a  correction  in  the  formula. 
The  20  is  the  amount  of  standard  silver  solution  employed,  0.5  the  equivalent  strength  in 
mg.  of  XaCl  and  the  100  the  factor  required  to  convert  the  figures  to  mg.  per  100  c.c.  If 
the  figures  are  desired  in  per  cent,  this  may  obviously  be  obtained  by  moving  the  decimal 
point  forward  three  places. 
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PREPARATION  AND  STANDARDIZATION  OF  POLYVALENT  ANTL 
PNEUMOCOCCIC  SERUM* 


By  N.  S.  Ferry  and  Emily  Blanchard.  Detroit,  Mich. 


AT  THE  present  time  the  requirements  of  the  Hygienic  Laboratory,  Wash- 
ington, for  the  standardization  of  a  polyvalent  antipneumococcic  serum,  call 
for  a  serum  that  shall  protect  white  mice  against  Type  I  pneumococcus  only.  In 
other  words,  although  the  horses  which  are  producing  the  serum  are  required  to 
be  injected  with  antigens  composed  of  all  types  of  the  organism,  the  relative 
strength  of  the  antibodies  against  these  other  types  are  not  taken  into  consid- 
eration when  the  final  test  of  the  serum  is  carried  out.  Nothing  is  known,  there- 
fore, of  the  value  of  this  sort  of  a  serum  except  for  Type  I  pneumonia,  and  its 
protective  value  against  the  other  types  is  questionable.  It  is  no  doubt  felt,  as 
the  reports  of  Cole  and  his  associates  of  the  Rockefeller  Hospital  were  unfavor- 
able concerning  the  protection  afforded  by  Type  II  and  III  serum,  that  to  require 
a  standard  except  for  Type  I  would  be  without  significance  and  valueless. 

However,  irrespective  of  these  adverse  publications,  there  is  a  growing  and 
a  health}'  demand  for  a  polyvalent  antipneumococcic  serum  from  sources  that 
must  bear  recognition.  Many  physicians  find  it  impractical  and  even  out  of  the 
question  to  submit  cases  of  pneumonia  to  a  test  for  proper  diagnosis  as  to  the 
type  of  the  organism  responsible  for  the  infection,  and  are  not  only  willing  but 
anxious  to  use  a  polyvalent  serum.  Also,  to  require  a  case  to  wait  from  eight  to 
twenty- four  hours  for  this  diagnosis  greatly  diminishes  the  chances  of  the  pa- 
tient's recovery,  and  it  ought  not  to  be  neces?ar\-  to  take  this  chance. 

In  fulfilling  the  rec(uirenients  for  this  class  of  sera,  an  attempt  should  be 
made  to  produce  a  serum  as  potent  as  possible  and  one  that  shall  protect  mice 
against  all  types  of  the  organism  in  high  dilutions,  so  that  some  sort  of  a  stand- 
ard can  be  adhered  to.  This  is  not  only  a  protection  for  the  physician  as  well  as 
the  patient,  but,  also,  a  means  of  checking  the  results  following  the  administra- 
tion of  the  serum,  for  statistical  purposes.  At  the  present  time,  the  reports  as 
regards  the  clinical  value  of  Type  II  and  III  sera  are  entirely  too  meagre  and 
there  has  been  no  report  following  the  use  of  a  polyvalent  serum  standardized 
against  all  types.  In  fact,  relatively  little  has  been  done  or  at  least  published 
concerning  the  preparation  and  standardization  of  sera  except  for  Type  I. 

According  to  Dochez  and  Avery,  the  groups  of  the  pneumococcus  vary  in 
their  pathogenicity  for  human  beings,  and  he  gives  the  order  of  their  virulence 
as  follows:  Group  HI,  Group  II,  Group  T,  and  Group  IV;  Group  III  being  the 
most  virulent.  They  state,  also,  that  the  degree  of  protective  power  developed 
in  the  sera  of  animals  immunized  against  members  of  the  dififerent  groups  varies 
inversely  with  the  virulence  and  with  the  amount  of  capsular  development.  By 
using  0.5  c.c.  of  serum  and  0.1  c.c.  of  a  bacterial  suspension.  Cole  reported,  of 
Type  I  serum,  a  protection  against  one  hundred  thousand  fatal  doses  and,  of 
Type  II  serum,  Avery  reported,  a  protection  against  ten  thousand  fatal  doses. 

•From  the  Research   Laboratory,  Tarke,  Davis  &  Company.   Detroit,  Michigan. 

Read  before  the   Society  of  American  Bacteriologists,   Boston,  Mass.,   December  29,   1919. 
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The  figures  are  not  given  as  regards  Type  III  serum,  although  it  was  said  to  be 
less  than  Type  II,  and  nothing  has  been  published  as  regards  a  polyvalent  serum. 

A\"ith  horses  immunized  against  single  groups  or  types,  the  authors  have 
been  able  to  produce  sera  of  the  following  strengths:  Type  I,  a  protection 
against  ten  million  M.F.D. ;  1  ype  II,  a  protection  against  ten  thousand  M.F.D. ; 
Type  III,  a  protection  against  ten  million  M.F.D. ;  and  of  those  strains  of  Type 
IV,  a  protection  against  ten  million  M.F.D.  This  does  not  quite  agree  with  the 
results  of  Cole,  as  his  protection  against  Type  III  was  extremely  low. 

With  individual  horses  immunized  against  all  types  the  authors  have  pro- 
duced polvvalent  anliimcumococcic  sera  showing  a  uniform  protection  against 
all  t\pes  as  follows :  Tyiie  I,  a  protection  against  ten  million  M.F.D. ;  Type  II, 
a  protection  against  one  hundred  thousand  M.F.D.;  Type  III,  ten  million 
M.F.D. ;  and  of  those  strains  of  Type  IV  used,  a  protection  against  ten  million 
M.F.D. 

As  far  as  laboratory  animals  are  concerned,  therefor,  a  sufficient  protection 
with  a  polyvalent  serum  was  obtained  by  the  authors  against  Type  I,  II  and 
Type  III  and  for  those  strains  of  Type  IV  which  were  used  as  antigens  in  im- 
munizing the  horses,  and  the  sei-ums  producing  this  protection  have  been  stand- 
ardized against  all  types,  using  the  method  required  at  the  present  time  by  the 
Hygienic  Laboratory  for  Type  I  serum. 

In  producing  this  polyvalent  serum,  horses  already  giving  a  high  titre  of 
Type  I  serum  were  chosen  and  then  injected  with  mixed  antigens  composed  of 
Type  II,  III,  and  IV,  using  the  regular  schedule  of  injections  as  recommended 
for  Type  I.  In  carrying  on  this  work  twelve  horses  were  under  treatment.  The 
following  chart  gi\es  the  results  of  the  tests  of  the  sera  of  the  various  horses. 

STANDAKDIZ.\TION    OP    rOLYVALENT    ANTIPNEUMOCOCCIC    SERA 

Figures  represent  number  of  minimum  fatal  doses  of  the  pneumococcus 
against  which  0.2  c.c.  of  serum  \\\l\  protect ;  white  mice  being  used  for  test  ani- 
mal, as  required  by  the  government. 

At  the  present  time  it  is  required  that  0.2  c.c.  of  Type  I  serum  will  protect 
against  10,000,000  minimum  fatal  doses. 

Antigens 


SER.^ 

TYPE  1 

TYPE  II 

TYPE  III 

TYPE  IV 

Type  I 

Horse  1201 

10.000,000 

1,000,000 

"      1184 

10,000,000 

1,000,000 

Tvpc  II 

Horse  1203 

10,000 

1 

"      1204 

1,000 

Tvpe  III 

Horse  1205 

10,0CK),000 

"      1206 

10,000,000 

Tvpe  IV 

Horse  1211 

10,000,000 

"      1212 

10,000,000 

Polvvalent 

Horse"  285 

10,000,000 

10,000 

10,000,000 

"      385 

10,000,000 

100,000 

10,000,000 

10,000,000 

"      859 

10,000.000 

100,(100 

10,000,000 

"      909 

10,000,0(_K) 

10,000 

10,000,(X)0 
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SOME    PERSONAL   EXPERIENCES   WITH   EPIDEMIC   RESPIRATORY 

DISEASES  IN  THE  ARMY,  WITH  SOME  REMARKS  ON 

METHODS  OF  CONTROL* 


Bv  E.  D.  Kremers,  Major,  M.  C,  U.  S.  A.,  Chief  of  Medical  Service, 
LovELL  General  Hospital,  Ft.  Sheridan,  III. 

ARMY  medical  officers  are  greatly  concerned  over  the  prevalence  of  respira- 
tory disease  in  the  army  in  1917-18  and  the  great  epidemics  of  that  period 
have  provided  a  copious  literature  on  the  diseases  themselves,  the  pathologj-, 
clinical  findings,  complications,  mortality,  sequelae,  etc.,  though  little  has  been 
written  concerning  practical  measures  to  control  these  diseases.  It  must  be  ad- 
mitted that,  to  a  certain  extent,  when  young  individuals  of  military  age  are 
brought  together,  these  diseases  are  an  inevitable  accompaniment  and  one  draws 
this  impression  from  reading  of  the  epidemics,  as  well  as  from  the  conclusions 
of  the  epidemiologists  who  have  studied  them.  This  article  is  written  from  the 
side  of  experience,  not  in  the  great  epidemics  of  the  army  camps,  but  in  smaller 
epidemics,  with  the  special  purpose  of  drawing  some  deductions  from  these 
smaller  epidemics  which  seem  to  point  to  great  principles  of  epidemic  control 
which  are  applicable  to  larger  epidemics.  I  have  a  belief  that  there  are  certain 
principles  which  are  immutable  to  a  considerable  degree  and  which  will  help  to 
prevent  disease  that  is  of  contact  origin,  such  as  the  diseases  of  our  respiratory 
epidemics,  and  it  is  in  the  hope  that  these  principles  may  be  brought  out  that  this 
is  written. 

The  diseases  to  be  considered  are  those  for  which  we  have  no  specific  pro- 
tective agents  and  it  is  only  these  which  can  be  truly  dangerous.  Those  w'hich 
may  be  guarded  against  by  specific  inoculation  may  appear,  but  they  w^ill  never 
be  w-idespread  if  the  command  is  even  partially  protected.  It  is  those  diseases 
too,  for  W'hich  we  have  no  specific  protection,  which  must  be  controlled  if  possi- 
ble to  do  so,  largely,  because  of  that  fact.  It  would  be  folly  to  neglect  the  w^ater 
supply  if  we  had  no  typhoid  vaccine,  on  the  theory  that  we  had  no  specific  im- 
munizing agent  and  therefore,  could  do  little  to  prevent  the  disease.  It  seems  to 
me  equally  dangerous  to  consider  that  the  natural  susceptibility  to  measles  of 
the  southern  recruit  who  has  hookworm  makes  it  inevitable  that  he  must  have 
measles  if  he  comes  into  an  army  camp.  This  is  far-fetched,  it  is  true,  but 
should  be  thoroughly  realized  in  order  that  proper  precaution  be  taken.  The 
real  danger  lies  in  the  fact  that  if  one  considers  respiratory  disease  as  inevitable, 
one  is  unconsciously  going  to  do  little  of  real  good  to  prevent  his  men  from  get- 
ting it,  while  as  a  matter  of  fact  and  of  experience,  I  thoroughly  believe  that 
there  is  much  of  practical  value  that  can  be  done  to  prevent  such  infections,  even 
if  there  is  no  specific  aid  to  protection.  Every  effort,  of  course,  must  be  made  to 
discover  new  specific  protective   substances,  but  while  waiting   for  these,   one 
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should  not  neglect  any  part  of  possible  protective  work  which  has  done  good  in 
experience. 

In  presenting  these  practical  measures  which  have  proved  successful,  I  shall 
discuss  each  little  epidemic  I  have  studied  personally,  bringing  out  those  points 
which  seem  to  me  important  and  then  concluding  with  the  summary  which  gov- 
erns epidemic  control  in  general.  If  it  can  be  shown  that  these  measures  which 
have  been  used  have  produced  results  which  remain,  then  there  may  be  as  much 
argumentation  as  desired  against  them  as  theories  or  principles,  but  the  results 
will  not  have  been  changed  and  can  never  be  attacked. 


During  the  early  part  of  1917,  before  our  country  declared  war,  the  recruit- 
ing service  of  the  army  was  carried  on  at  the  recruit  depots.  A  number  of 
young  men,  seeing  that  war  would  come,  did  not  wait  to  be  called,  but  came  into 
the  army  at  once.  This  increased  the  work  of  the  recruit  depots  and  congested 
them  to  some  extent.  I  was  on  duty  at  one  of  these  depots,  Fort  McDowell, 
California.  Sojne  time  in  December,  1916,  or  January,  1917,  cases  of  measles 
and  scarlet  fever  began  to  appear,  some  from  detachments  received  from  East- 
ern depots  and  some  from  the  country  about.  Fairly  soon,  a  small  epidemic  had 
started  among  the  susceptible  timber.  I  have  no  adequate  statistics  for  this  en- 
tire period  and  it  would  be  difficult  for  me  to  secure  them  now  because  a  good 
many  of  these  cases  were  transferred  to  another  station  for  hospital  treatment. 
It  became  necessary  to  open  a  hospital  at  the  depot  for  the  care  of  these  infec- 
tious cases  and  I  have  figures  for  the  period  from  February  22  to  September, 
1917.  German  measles,  mumps,  chicken-pox  and  scarlet  fever  were  present  at 
the  same  time.  The  following  table  shows  the  measles  figures.  The  strength 
of  the  command  varied  from  2000  to  3500. 


Admitted 

Died  at  Depot 

Transferred  because  of  complications 

Other  complications  at  depot : 

Bronchopneumonia  5 

Lobar  pneumonia  3 

Otitis  Media  2 

Mastoiditis  1 

Pleurisy  1 

OTHER  CONDITIONS    ADMITTED   SAME   PERIOD  : 

German  measles       19  i  It  is  not  known  how 

Bronchopneumonia    6  Transferred         0           Died  at  Depot     1  |  many    of    these    were 

Lobarpneumonia        7  Transferred         5           Died  at  Depot     1  I  in    patients    who   had 

Pleurisy                        1  J  had  measles. 

The  figures  show  that  a  real  epidemic  was  present.  It  is  known  that  dur- 
ing a  part  of  this  time  recruits  were  freely  sent  out  to  stations  and  that  many 
cases  of  measles  developed  from  those  at  the  depot.  The  usual  period  for  a  re- 
cruit to  be  held  for  training  was  three  to  four  weeks  and  a  constantly  changing 
recruit  population  was  present.  The  element  of  susceptible  material  was  there- 
fore, always  present.  For  a  considerable  time,  until  some  time  in  April,  there 
was  no  attempt  to  segregate  the  new  recruits,  but  these  were  assigned  to  recruit 
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companies  in  barracks  from  which  measles  cases  were  being  admitted.  There 
was  also  no  attempt  made  to  get  all  the  measles  cases  out  of  the  companies,  i.  e., 
the  recruits  were  expected  to  present  themselves  at  sick-call.  There  were  no  at- 
tempts to  get  the  cases  in  their  preeruptive  stage.  For  those  conditions  I  was 
not  responsible.  Up  to  April,  the  epidemic  was  steadily  increasing  as  new  sus- 
ceptible material  was  added  to  the  infected  companies.  In  April  decided  changes 
were  made.     These  were  chiefly : 

The  new  recruits  were  sent  to  another  camp  away  from  the  infected  com- 
panies. 

All  recruits  were  inspected  daily  to  pick  out  sick  men. 

All  men  with  colds  were  isolated. 

Infected  companies  were  not  allowed  to  send  recruits  away. 

Immediate  contacts  of  cases  were  isolated. 

Bedding,  etc.,  of  cases  was  disinfected. 

General  instruction  of  the  command  was  carried  out. 

The  effect  of  the  simple  measures  noted  above  was  almost  instantaneous. 
Secondary  cases  continued  to  come  in  from  the  men  already  infected  but  the 
new  recruits  remained  practically  free  and  the  infected  companies  rapidly  be- 
came free  from  measles.  It  is  interesting  to  note  that  this  was  the  first  recruit 
depot  to  secure  female  nurses  for  the  care  of  the  sick  and  in  a  short  time  the 
contagious  cases  became  practically  extinct,  so  much  so  that  the  nurses  com- 
plained that  they  were  not  needed.  I  could  show  this  reduction  in  measles  by 
chart  but  I  believe  it  is  not  needed;  the  data  is  on  file  in  the  sanitary  reports 
from  the  depot  for  that  period.  During  all  this  period  there  was  no  interruption 
of  recruiting,  no  quarantine,  no  proscription  of  amusements,  etc. 

Measles  has  for  some  time  been  recognized  in  the  army  as  a  serious  disease, 
especially  where  recruits  have  congregated.  It  was  never  serious  in  ordinary 
commands,  though  measles  did  occur  in  these  commands  sporadically.  In  1911, 
Christie^  reported  an  epidemic  at  Columbus  Barracks,  another  recruit  depot,  of 
183  cases  and  called  attention  to  the  severe  pneumonia  and  other  complications. 
He  called  especial  attention  to  the  necessity  of  getting  the  cases  early  by  inspec- 
tion and  by  isolating  all  cases  of  colds.  In  1912,  Kilbourne-  reported  a  series  of 
600  cases  from  the  same  depot,  elaborating  Christie's  report.  As  for  older  his- 
tory, it  is  stated  that  there  were  in  the  Union  Army,  during  the  Civil  War,  75,177 
cases  with  5,174  deaths  and  that  in  the  Confederate  Army  the  disease  became  so 
dangerous  that  regiments  had  to  be  disbanded  and  sent  home.^ 

There  is  a  strong  sentiment  in  the  medical  profession  to  the  effect  that  one 
might  as  well  allow  troops  to  have  measles  because  "they  are  going  to  get  them 
anyway,  and  you  may  just  as  well  let  them  have  measles  in  this  country  and  avoid 
getting  it  on  the  transports  and  at  the  front."  This,  I  believe,  is  a  fallacy.  There 
is  no  doubt  that  the  men  are  susceptible,  but  that  does  not  mean  that  they  must 
have  it  while  in  the  army,  or  that,  even  if  some  of  them  get  it  they  must  all  have 
it  at  the  same  time.  Measles,  when  it  occurs  sporadically,  is  not  dangerous,  and 
it  is  only  when  a  large  number  of  cases  occur  together,  i.  e.,  under  epidemic  con- 
ditions that  the  fatality  becomes  great  and  the  condition  serious.  It  is  the  "sec- 
ondary invaders,"  the  .streptococci,  the  pneumococci  and  other  organisms  which 
are  present  and  which  take  on  increased  virulence  in  the  presence  of  measles  that 
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give  US  the  '"virulent  measles"  and  cause  us  to  lose  so  many  young  men  in  camp. 
If  we  keep  the  men  from  having  an  explosive  epidemic,  or  an  epidemic  which 
picks  up  increasing  numbers  of  cases  as  it  goes  along,  we  can  control  it  and  can 
allow  the  men  to  become  immunized  in  small  lots  with  comparatively  little  danger. 
This  is  not  a  thing  to  be  done  by  allowing  them  to  get  measles,  as  is  often  sug- 
gested, but  by  doing  our  utmost  to  control  the  measles  which  we  are  bound  to 
get  anyway.  Measles  is  not  easily  controlled ;  it  is  one  of  the  most  contagious  dis- 
eases, but  in  my  opinion  it  can  be  controlled  b}-  the  application  of  the  proper 
principles,  as  outlined  in  the  report  of  the  epidemic  at  Fort  McDowell.  That 
epidemic  was  in  no  sense  necessary  and  could  at  least  have  been  greatly  mitigated, 
if  not  prevented  entirely.  The  epidemics  are  insidious  affairs  and  to  the  in- 
experienced epidemiologist,  measles  when  it  begins  is  not  serious.  This  is  the 
period  when  the  mischief  is  done.  Cases  are  allowed  to  go  on  infecting  the 
command  until  they  accumulate  in  such  numbers  that  they  become  "virulent"  at 
the  time  of  the  septic  infections.  Then  the  epidemic  is  really  recognized  and 
but  little  can  be  done  to  save  lives. 

SCARLET   EEVER 

During  the  period  of  the  epidemic  at  Fort  McDowell,  scarlet  fever  appeared 
at  the  saine  time  as  measles.  For  the  same  period  for  which  I  have  records, 
February  22  to  September,  scarlet  fever  was  an  important  disease  as  shown  by 
the  following: 


Cases  admitted; 

88 

Died  at  depot 

7 

Transferred  because  of  complications 

20 

Other  complications  at  Depot : 

Lobar  pneumonia 

3 

Bronchopneumonia 

2 

Acute  nephritis    (fatal) 

1 

Septicemia   (fatal) 

1 

Otitis  media 

1 

Adenitis 

1 

The  occurrence  of  German  measles  at  the  same  time  made  the  differential 
diagnosis  at  first  difficult.  On  careful  study,  it  was  not  difficult  to  separate  them. 
Two  medical  officers  and  several  medical  department  men  contracted  scarlet 
fever  in  the  wards.  There  were  a  few  cross  infections  as  our  isolation  hospital 
was  not  well  run  until  the  female  nurses  arrived,  but  there  was  no  trouble  in 
controlling  the  epidemic  among  the  recruits.  This  disease  is  much  easier  to  con- 
trol than  measles,  partly  because  of  the  shorter  incubation  period  and  partly 
because  of  the  lessened  contagiousness.  The  general  measures  applied  to  control 
measles  were  equally  applicable  to  scarlet  fever  and  the  results  were  evident 
earlier.  A  careful  study  of  the  cases  was  made  to  trace  the  infection  from  case 
to  case,  and  frequently,  this  could  be  established  in  the  men  sleeping  close  to 
previous  cases  in  barracks.  No  case  could  be  shown  to  have  occurred  from 
outside  contact,  i.  e.,  there  was  better  evidence  to  show  that  it  came  from  the 
men  in  the  same  .squad  room.  For  this  reason,  when  a  case  was  taken  from 
barracks,  the  nearest  neighbors  were  removed  to  isolation  and  held  over  the 
incubation  period.  Some  cases  were  taken  from  these  contacts,  showing  the 
value  of  the  method. 


EPIDEMIC    RESPIRATORY    DISEASE    IX    THE    ARMY  29 

The  value  of  inspections  to  determine  the  sick  men  in  scarlet  fever  is 
striking.  Unless  one  has  done  this,  one  must  be  very  much  surprised  to  take 
cases  from  the  companies,  well-developed  in  the  disease  with  the  eruption  full 
blown.  Were  one  to  wait  for  sick-call  to  bring  those  men  into  hospital,  some 
of  them  would  undoubtedly  never  come.  They  would  be  "missed  cases."  During 
the  war,  scarlet  fever  has  not  proved  a  very  dangerous  disease.  During  1917, 
2,133*  cases  were  admitted  for  the  whole  army.  During  1918^  there  were  8,117 
cases.  A  few  camps  had  admission  rates  much  above  the  average  and  it  is  these 
camps  which  furnished  m.ost  of  the  cases  and  naturally  most  of  the  deaths.  There 
were  314  deaths  from  this  disease  for  the  two  years  and  these  deaths  are  a 
reflection  upon  medicine.  We  have  no  specific  immunizing  agent  against  scarlet 
fever,  yet  it  seems  that  scarlet  fever  deaths  should  be  largely  prevented.  The 
deaths  alone  are  not  a  true  index  of  the  danger  of  this  disease  for  the  number  of 
late  fatalities  is  large,  due  to  nephritis,  itself  due  to  the  streptococcus.  Here, 
too,  the  streptococcus  becomes  more  dangerous  when  scarlet  fever  cases  become 
so  many  as  to  form  an  epidemic. 

DIPHTHERIA 

Diphtheria  is  often  a  real  trial  in  hospitals  and  other  institutions.  It  was 
not  of  especially  great  importance  in  the  army  during  the  War.  In  1918''  there 
were  6,947  cases  with  123  deaths.  During  my  service  at  U.  S.  A.  General  Hospi- 
tal No.  24,  an  abortive  epidemic  appeared  which  at  first  bid  fair  to  be  serious. 
It  was  easily  controlled,  however,  by  intensive  methods.  The  hospital  population 
was  about  1100. 

On  February  21,  1919,  three  cases  appeared  in  two  different  wards.  The 
next  day  another  case  developed  in  a  different  ward.  The  next  day,  two  cases 
came  from  the  medical  detachment.  These  six  cases  coming  from  such  wide 
sources  showed  at  once  that  there  was  a  source  of  infection  which  had  been 
spread  throughout  the  hospital.  Only  seven  cases  in  all  developed,  however. 
I  attribute  this  small  number  of  cases  largely  to  prompt  action  to  prevent  spread. 
The  preventive  measures  taken  were : 

.An  immediate  conference  of  department  heads  with  the  division  of  the  work 
to  be  done  among  the  conference  group. 

Quarantine  of  the  hospital  against  the  community  to  protect  the  latter. 

Culturing  of  all  contacts  for  the  detection  of  carriers.  Fifteen  carriers 
were  found. 

Quarantine  of  individual  wards. 

Throat  inspection  twice  daily  of  all  contacts  with  spraying  with  1  per  cent 
phenol  with  iodine,  camphor  and  menthol. 

Investigation  of  the  milk  and  ice  cream  supplies. 

Antiseptic  details  for  bedding,  clothing,  etc.,  of  infected  cases. 

At  U.  S.  A.  General  Hospital  No.  28,  Fort  Sheridan,  Illinois,  routine  cul- 
turing of  the  throats  of  all  patients  admitted  to  hospital  has  effectually  prevented 
any  indication  of  an  epidemic.  Carriers  are  found  from  time  to  time  and  segre- 
gated. An  occasional  clinical  case  of  diphtheria  is  found,  but  there  has  been  no 
group  of  cases,  as  far  as  I  have  been  able  to  find. 
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INFLUENZA 

Epidemic  influenza  appeared  at  Fort  Sheridan  on  Januarj-  12,  1920.  This 
was  the  same  date  as  marked  the  beginning  of  the  epidemic  at  Great  Lakes  Naval 
Training  Station  and  also  the  epidemic  in  Chicago.  It  had  been  looked  for  by 
the  Commanding  Officer,  Col.  \\'.  N.  Bispham,  M.  C,  who  had  laid  out  the 
procedure  to  be  employed  in  case  of  its  occurrence.  The  plans  to  be  followed 
had  been  used  by  him  in  the  epidemic  of  1918  at  Camp  Greenleaf,  Ga.,  and  had 
proved  successful  there.  The  steps  to  be  taken  were :  First :  no  quarantine. 
Second:  all  persons  in  the  garrison  were  to  be  inspected  daily  for  signs  of  res- 
piratory infection.  Third :  all  cases  showing  any  evidence  of  respiratory  in- 
fection were  to  be  remoxed  at  once  to  wards  where  the  patients  could  be  ob- 
served and  the  influenza  cases  selected.  Fourth :  all  influenza  cases  were  to  be 
removed  from  "suspect"  wards  and  placed  in  "influenza"  wards.  Fifth  :  all 
pneumonia  cases  were  to  be  segregated  in  "pneumonia"  wards.  The  plan  worked 
very  well  and,  in  the  opinion  of  the  Commanding  Officer,  that  of  myself  and 
that  of  many  other  persons,  the  prompt  and  systematic  sorting  out  of  the  com- 
mand did  a  great  deal  to  reduce  incidence  and  mortality  from  this  disease. 

The  epidemic  began  on  January  12th  with  the  development  of  twelve  sick 
men  diagnosed  influenza  in  one  of  the  surgical  wards.  These  men  were  isolated 
at  once  in  a  newly  opened  ward  equipped  for  isolation  with  cubicles,  etc.  The 
next  day  a  number  of  other  cases  were  found  and  from  then  on  the  ei)idemic  was 
typical.  An  attempt  was  made  to  get  the  cases  as  soon  as  they  could  be  found 
and  this  was  generally  successful,  for  very  few  came  in  late  in  the  disease.  The 
great  majority  were  early  cases.  The  i^eak  was  reached  on  January  I8th,  though 
it  really  should  have  been  on  the  15th  or  16th,  this  delay  was  due  to  failure  in 
getting  the  sick  into  hospital  promptly.  By  January  31st,  the  epidemic  was  over, 
being  followed  by  straggling  cases  and  by  atypical  cases  in  which  the  streptococcus 
played  a  large  part. 

Cases  were  admitted  from  all  departments  and  all  wards  of  the  hospital  and 
from  all  detachments  of  the  garrison,  showing  the  infection  was  widespread  and 
that  there  was  opportunity  for  a  large  incidence.  The  patients  in  the  majority, 
were  old  surgical  cases  in  more  or  less  debilitated  condition  and  were  of  the 
age-group  that  appears  to  be  most  susceptible  to  the  disease.  A  census  of  the 
hospital  personnel  showed  that  in  the  hospital  itself,  of  3352  persons.  552,  or 
16.5  per  cent  had  had  influenza  in  the  epidemic  of  1918.  This  left  the  large 
majority  of  them  susceptible,  presum.ably.  In  addition  to  the  hospital  personnel 
there  was  a  regiment  of  line  troops  in  the  post,  numbering  1300,  for  which  the 
percentage  of  susccptibles  could  not  be  obtained,  and  a  considerable  number  of 
civilians.  The  entire  command  is  estimated  at  5000.  Of  this  number,  522  were 
admitted  as  influenza  suspects  and  368  were  diagnosed  influenza.  The  remainder 
were  snnple  coryzas,  tonsillitis,  surgical  conditions,  simple  febrile  conditions  for 
only  part  of  a  day,  etc.,  and  some  were  possibly  mild  influenzas  in  which  the 
diagnosis  could  not  be  made.  All  cases  of  three-day  fever  or  even  shorter  fever 
that  were  sharp  infections  and  otherwise  unexplained  were  called  influenza. 
The  incidence  of  influenza  in  the  command  was  1  in  13.6.  There  \\  ere  in  the 
cases    admitted  during  the  epidemic  period,  45  cases  of  pneumonia  complicating 
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influenza,  an  incidence  of  1  in  111.1  of  the  command  and  an  influenza  case  in- 
cidence of  1  in  8.1  or  12.2  per  cent.  There  were  seven  deaths  of  cases  admitted 
during  the  influenza  period.  The  case  mortality  for  influenzal  pneumonia  was 
15.5  per  cent. 

It  is  believed  that  the  low  incidence  rate,  the  low  pneumonia  rate,  and  the 
low  death  rate  are  largely  due  to  the  plan  which  had  been  prepared  by  the  Com- 
manding Officer  beforehand  and  successfully  carried  out  in  the  hospital,  where 
the  troops  were  under  military  control  and  where  the  plan  could  be  thoroughly 
carried  out.  Some  of  the  deaths  were  in  civilians  and  in  cases  admitted  late  in 
the  disease.  If  all  cases  could  have  been  secured  at  the  onset  of  the  disease,  the 
mortality  might  have  been  still  lower.  Such  a  system  could  not  be  used  in  a 
civilian  communitv  without  material  modification,  except,  perhaps  in  industrial 
communities  where  medical  attention  is  provided  by  the  industry,  or  in  institu- 
tions where  there  is  proper  discipline  and  sufficient  skilled  help.  The  conditions 
in  communities  are  different,  however,  because  the  people  are  much  more  scat- 
tered, the  age-groups  are  diverse  and  susceptibles  are  not  so  closely  herded,  and 
the  susceptibles  are  not  subjected  to  the  same  danger  of  infection.  The  separa- 
tion which  normally  obtains  when  sick  stay  at  home  must  be  much  less  dangerous 
to  the  patients,  than  the  close  association  of  the  sick  men  in  wards  as  is  necessary 
in  the  army,  because  the  secondary  invaders  are  undoubtedly  rather  universally 
transmitted  from  man  to  man  in  such  close  contact  in  the  wards.  This  has  been 
shown  by  various  observers  in  the  Army  Camps.  The  cubicles  do  much  to  pre- 
vent this  but  the  enforcement  of  cubicle  isolation  is  a  tremendous  ta.sk,  even  in 
the  army.  The  enforcement  of  ten  days'  rest  in  bed  after  the  fever  has  returned 
to  normal  in  the  influenza  patients  required  by  the  Surgeon  General  has  undoubt- 
edly been  a  large  factor  in  the  prevention  of  secondary  pneumonia. 

Many  persons  have  the  idea  that,  lacking  specific  means  of  protection  against 
influenza,  little  or  nothing  can  be  done  to  limit  its  spread.  This,  I  believe  is  a 
serious  fallacy  and  the  experience  of  Fort  Sheridan,  in  the  epidemic  of  1920 
should  have  some  positive  value  in  eradicating  this  idea.  Because  a  person  is 
susceptible,  it  does  not  follow  that  he  must  have  the  disease  in  an  epidemic,  be- 
cause he  may  miss  the  infection.  The  Command  at  Fort  Sheridan  was  largely 
susceptible,  as  shown  by  the  census,  yet  only  1  in  13.6  of  the  persons  of  the 
command  took  the  disease.  In  order  to  be  effective,  however,  measures  to  limit 
the  spread  of  the  epidemic  should  be  taken  at  once  the  epidemic  appears,  because 
it  is  probable  that  the  first  cases  of  the  epidemic  have  the  most  virulent  and  most 
infective  organisms  in  large  numbers  in  their  respiratory  tracts.  If  the  cases 
that  have  these  particularly  dangerous  organisms  can  be  isolated,  at  once,  the 
danger  of  spread  from  those  persons  is  greatly  minimized.  Measures  taken 
several  days  later,  no  matter  how  rigid,  will  probably  be  much  less  eflfective  than 
early  measures  which  are  more  simple,  but  which  operate  to  lock  up  the  first 
dangerous  cases. 

The  question  of  quarantine  in  epidemic  influenza  is  an  interesting  one. 
It  was  largely  used  in  1918,  in  some  cases  with  some  success,  and  was  used  in 
some  places  in  1920.  It  was  not  used  at  Fort  Sheridan  because  in  this  disease 
it  appears  to  be  practically  useless  and  illogical.  Even  the  laity  have  come  to 
realize  the  inconsistency  of  locking  up  the  patients  of  a  ho.spital  when  influenza 
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is  present  in  a  community  while  allowing  the  attendant  staff  to  come  and  go.  If 
the  community  has  the  disease,  why  lock  up  the  command  if  the  command  has 
the  disease  also?  Internal  quarantine,  except  for  the  actually  sick  is  likewise 
useless.  The  important  thing  is  to  get  the  sick  away  from  the  well  and  then 
the  well  may  take  advantage  of  their  ordinary  duties  and  pursuits  without  the 
worry  of  any  unnecessary  hardship  in  quarantine.  Inspections,  even  in  a  ci\il 
community,  I  believe  are  more  than  practical.  Schools,  churches,  factories, 
theatres,  business  offices,  and  possibly  other  places  could  use  this  method  if 
there  were  trained  personnel  available. 

GENERAL   COiMTMENT 

The  subject  of  epidemiolog}'  is  one  of  which  much  will  be  heard  in  later 
_\ears.  Little  has  so  far  been  written  of  the  science  of  this  stud\'  and  this  is 
particularly  so  of  the  epidemics  of  respiratory  infections  or  diseases.  Epidemi- 
ologists have  for  some  years  been  at  work  in  State  Boards  of  Health,  in  which 
perhaps  their  greatest  work  has  been  done  in  connection  with  the  intestinal  group 
of  diseases,  typhoid,  paratyphoid,  dysentery  and  food-poisoning.  In  the  tropics 
and  in  Eastern  countries,  cholera  has  claimed  a  large  share  of  their  work.  In 
the  Far  East,  plague  has  been  studied  and  practically  controlled  and  in  this 
country  also,  plague  has  been  controlled  by  epidemiologic  methods.  ]\Ien;ngitis 
and  poliomyelitis  are  two  diseases  which  are  characterized  by  epidemics  which 
have  been  handled  by  epidemiologic  methods.  Typhus  fever,  yellow  fever,  and 
malaria,  insect-borne  diseases,  have  yielded  in  great  measure  to  epidemiology,  and 
trench  fe\er  may  be  classed  in  the  same  group.  Tuberculosis,  though  not 
strictly  an  epidemic  disease  has  received  a  vast  amount  of  study  but  without 
brilliant  results. 

The  diseases  which  have  been  so  dangerous  in  the  army  during  the  war, 
measles,  scarlet  fever,  influenza  and  pneumonia  have  not  recei\ed.  in  the  past, 
as  much  attention  from  epidemiologists  as  those  other  diseases  and  two  others 
might  be  mentioned  which  are  potent  sources  of  trouble  in  bodies  of  individuals, 
mumps  and  whooping  cough.  Pneumonia  has  been  studied  and  controlled  while 
in  epidemic  form  by  General  Gorgas  in  Panama  and  the  same  authority  has  ex- 
tended his  work  o\'er  the  pneumonia  of  the  diamond  mines  of  Africa.  These 
diseases  have  not  been  so  marked  by  epidemics  in  civil  life  as  in  armies,  except, 
of  course,  influenza,  which  never  before,  probably,  had  so  large  an  armv  in 
whkh  to  spread  as  was  provided  for  it  in  this  war. 

The  influence  of  concentration  of  recruits  during  war  periods  on  the  in- 
cidence and  death  rates  for  respiratory  diseases  is  shown  by  the  following  figures 
for  measles. 


Munson^ period  .admissions  per  1000      deaths  per  thousand 


Civil  War  31.72  ^O? 

1868-84  1.88  0.004 

1885-94  4.85  0.004 

.       ,     ^                     1895-98  13.72  .09 

Report'     of     Sur-                1917  S7  0g  j  7q 

gcon  General'  1919                1918  29  34  S7 
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Munson  makes  this  comment:  "During  1898,  when  the  proportionate  num- 
ber of  recruits  was  great,  the  rate  admission  was  by  far  the  highest  during  June 
and  July — thus  showing  the  greater  importance  of  length  of  service  as  compared 
with  season  in  influencing  the  prevalence  of  this  disease.  During  the  same  year, 
the  admission  was  19.82  per  thousand  soldiers  stationed  within  the  United  States, 
while  there  was  a  total  rate  of  48.25  for  the  troops  ser\ing  in  the  \\'est  Indies 
and  the  islands  of  the  Pacific." 

Pneumonia  can  also  be  shown  to  be  much  more  pre\alent  during  war  periods 
than  during  peace  times.  During  the  Civil  War,  the  pneumonia  admission  rate 
was  32.45  per  1000  and  the  death  rate  7.79  per  1000.  For  the  period  1868-84  the 
admission  rate  was  6.55  per  1000  and  the  death  rate  1.01  per  1000.  During  1898, 
the  admission  rate  was  4.84  and  the  death  rate  .83,  while  in  1897,  the  preceding 
year,  the  admission  rate  had  been  2^9  and  the  death  rate  .21, 

The  death  rate  in  1862  for  all  acute  respiratory  diseases  was  8.40  per  1000. 
After  the  year  1866  no  death  rate  for  total  respiratory  diseases  reached  a  point 
of  o\er  2  per  1000  until  the  year  1918.  The  rate  reported  by  the  Surgeon  Gen- 
eral for  this  year  is  15.75  per  1000.  This  again  shows  the  influence  of  war  pe- 
riods upon  the  rates  of  sickness  and  death  for  respiratory  disease,  due  to  the 
aggregations  of  individuals  into  large  units  in  close  association. 

\\'hen  we  study  individual  camps  or  garrisons,  we  will  find  that  where 
relatively  large  numbers  of  recruits  are  closely  associated  for  periods  of  time, 
the  rates  for  respirator}-  disease  are  raised  because  of  epidemics  of  such  diseases 
as  measles,  accompanied  by  pneumonia,  and  this  is  w^ell  shown  at  the  recruit  de- 
pots, as  reported  in  the  beginning  of  the  paper  under  measles.  The  epidemics  at 
Columbus  Barracks  and  at  Fort  McDowell  were  accompanied  by  similar  epi- 
demics at  the  other  depots. 

It  is  particularly  in  the  army  and  navy  that  epidemics  of  the  common  res- 
piratory diseases  occur,  and  it  is  in  the  army  and  navy  that  epidemiology  has  its 
best  field  to  work  in  the  study  and  control  of  these  diseases.  When  mobiliza- 
tions of  troops  occur,  epidemics  of  these  diseases  must  be  expected,  and  when 
they  do  occur,  they  rctfuire  the  services  of  a  well-informed  epidemiologist  in 
each  camp  to  carry  out  the  measures  that  are  of  service.  Since  such  epidemics 
do  not  often  occur  in  civilian  communities,  civilian  physicians  are  not  trained 
in  their  control,  and  the  medical  officers  who  are  called  upon  to  manage  them, 
should  either  be  from  the  army,  trained  in  the  history  of  these  diseases  and  in 
methods  of  attack  and  prevention,  or  they  should  be  from  civilian  life  and 
trained  in  the  army  or  other  military  liranch.  One  of  the  qualifications  needed 
in  such  a  medical  office  is  that  the  physician  should  have  had  actual  experience  in 
one  or  more  of  the  epidemics  in  army  service.  This  qualification  could  now  be 
fulfilled  by  large  number.s  of  physicians  and  if  another  war  is  thru?t  upon  us 
within  a  short  time,  they  can  be  easily  obtained.  It  sliunld  be  provided,  however, 
that  when  the  next  war  comes,  whether  it  be  soon  or  late,  that  such  men  be 
ready. 

The  incidence  of  respiratory  disease  in  the  army  is  largely  among  the  re- 
cruits. Men  who  have  had  a  year  or  more  of  service  have  a  far  lower  incidence 
and  mortality  rate  than  the  recruits  of  short  service.  If  the  youths  of  the  Na- 
tion could  be  called  into  camp  icgularly  and  trained  in  military  duties,  the  next 
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war  would  find  them  highly  seasoned  and  our  fear  of  the  respiratory  infections 
would  be  very  much  reduced.  It  is  to  be  hoped  that  such  a  beneficent  system 
will  some  day  be  provided  for  our  boys,  though  there  is  little  to  convince  us  that 
our  legislators  will  see  the  truth  of  this  matter.  The  fact  that  so  many  recruits 
become  sick  with  these  diseases  has  convinced  a  great  many  otherwise  careful 
people  that  the  diseases  are  inevitable  accompaniments  of  service,  and  therefore, 
the  sooner  the  recruits  become  seasoned,  the  better.  There  is  a  great  practical 
diiiference,  however,  between  explosive  seasonmg  and  gradual  seasoning.  During 
peace  times,  the  army  regularly  absorbs  a  number  of  recruits  who  are  distributed 
to  seasoned  organizations.  They  have  their  epidemics  at  the  depots  where  the 
new  men  are  assembled,  but  the  effect  upon  the  total  sickness  of  the  army  is 
not  large.  They  continue  to  have  their  infections  after  reaching  their  organiza- 
tions, but  large  epidemics  among  these  seasoned  troops  are  rare.  Therefore,  the 
recruits  are  assimilated  without  great  effect  upon  death  rates.  When  the  recruits 
are  thrown  together  in  great  numbers,  as  was  done  in  our  camps,  unavoidably, 
during  the  war,  explosive  outbreaks  occur  which  do  great  damage  to  lives.  If 
we  are  convinced  that  these  diseases  are  inevitable  and  cannot  be  prevented,  and 
that  anj'way,  it  is  a  good  thing  to  get  over  with,  we  will  not  be  alert  to  the  danger 
and  will  do  little  to  prevent  it.  This  is  not  necessary  hardening  but  is  a  grave 
risk  and  should  never  be  countenanced.  Although  we  have  no  specific  means  of 
prevention,  it  is  my  opinion  that  practical  measures  of  inspection  and  isolation 
of  the  sick  will  do  a  great  deal  to  delay  the  exposures  of  the  men  and  to  reduce  the 
death  rate. 

The  experience  of  the  past  war  has  shown  the  greater  susceptibility  to 
measles  and  other  disease  of  rural  recruits  over  the  city  recruits.  This  is  not  a 
new  observation.  Munson  quotes  WoodhuU  as  follows:  "The  agricultural  re- 
cruit will  be  better  nourished  and  at  first  may  appear  the  more  vigorous,  due  to 
his  previous  life  of  moderate  exercise  in  tlie  open  air,  uninterrupted  nightly  sleep, 
and  of  stated  and  sufficient  meals.  *  *  *  On  the  other  hand,  the  young  man 
from  the  city  has  been  accustomed  to  all  grades  of  physical  and  mental  excite- 
ment, he  has  probably  eaten  spare,  irregular  and  poorly  cooked  meals,  and  has 
lived  in  crowded  and  ill-ventilated  rooms.  He  may  have  been  insufficiently 
clothed,  and  has  certainly  been  used  to  late  and  irregular  hours  and  to  spasmodic 
physical  exercise.  *  *  *  After  elimination  by  length  of  service  the  country 
regiments  rival  those  from  the  city  in  endurance,  and  generally  excel  them  in  the 
familiarity  in  the  ways  and  with  the  implements  of  outdoor  life."  The  discovery 
that  rural  recruits  are  more  susceptible  to  measles  does  not  aid  in  the  solution  of 
the  epidemic  problem  because  these  recruits  must  be  accommodated  and  trained 
and  their  health  must  be  safe-guarded.  This  subject  points  out  the  necessity 
that  medical  officers  responsible  for  the  prevention  of  the  epidemic  respiratory 
diseases  must  be  acquainted  with  the  problems  of  military  service  and  with  mili- 
tary hygiene  in  hi.storv. 

There  was  one  argument  during  the  \^■ar  which  was  propounded  against 
aggressive  work  against  respiratory  diseases  which  was  hard  to  meet.  This  was 
that  unless  troops  had  developed  measles  and  kindred  infections  in  the  camps 
that  they  would  get  them  in  the  front  areas  in  France  and  there  be  much  more 
of  a  danger  and  nuisance  than  they  would  be  in  the  camps  at  home.    This  was  a 
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fallacious  argument  and  can  now  be  shown  to  have  been  such.  The  records  of 
the  Expeditionarj'  Force  in  France  show  that  the  incidence  of  influenza  in  the 
troops  in  France  was  considerabl)'  less  than  at  home,  although  the  strength  of  the 
armies  was  about  the  same.  "During  the  last  four  months  of  1918  deaths  from 
influenza  and  pneumonia  number  22,186  in  the  United  States  and  8,842  in  the 
American  Expeditionary  Forces,  France,  the  respective  commands  being  of  ap- 
proximately equal  strength. ="  This  may  be  readily  explained  by  reason  of  the 
fact  that  the  troops  in  the  front  areas  were  much  more  widely  scattered  in  billets, 
rest  areas,  small  towns,  and  in  advance  formation  than  the  troops  at  home  in  the 
large  camps.  Separation  was  here  a  marked  factor.  In  the  large  camps  of  the 
Service  of  Supply,  the  groupings  were  greater  and  the  incidence  of  influenza  rel- 
atively higher,  but  even  on  the  crowded  transports  the  mortality  rates  were  not 
higher  than  those  of  the  camps  at  home.  The  old  argument,  therefore,  that  we 
should  allow  the  recruits  to  have  measles  by  purpose  or  by  half-hearted  efforts  to 
control  the  disease  in  camps  should  forever  be  forgotten. 

PRINCIPLES   OF   EPIDEMIC    CONTROL 

That  there  are  principles  of  epidemic  control  which  should  govern  our  ac- 
tion in  general  must  be  evident  to  most  of  us.  There  must  also  be  general 
principles  for  the  control  of  epidemics  of  respiratory  diseases  which  should 
govern  for  all  epidemics  whether  these  are  great  or  small.  We  may  go  farther 
and  say  that  when  these  principles  are  applied  effectively,  in  time,  epidemics 
should  tend  to  be  small.  There  are,  doubtless,  conditions  under  which  disease 
has  become  so  overwhelming  as  to  make  control  impossible,  but  even  then  there 
are  principles  of  broad  nature  which  may  be  applied  with  positively  effective 
results.  It  must  be  acknowledged  that  if  we  were  to  do  nothing  when  a  major 
epidemic  of  influenza  rushes  in,  conditions  would  be  much  worse  than  they  were 
in  any  of  the  army  camps  during  the  influenza  epidemic  of  1918.  Medical  offi- 
cers did  a  great  deal  to  meet  those  strenuous  conditions  and  no  one  can  say  that 
those  services  did  no  good  in  reducing  mortality  and  probably  incidence  in  that 
epidemic.  If  we  were  to  analyze  the  conditions  in  different  camps,  it  could 
probably  be  shown  that  some  camps  had  good  results  with  relatively  low  inci- 
dence and  mortality,  while  other  camps  had  high  incidence  and  high  mortality. 
This  disease  is  such  a  universal  one  that  local  conditions  in  the  resistance  of  the 
individuals  or  local  conditions  in  the  camps  can  have  played  a  small  part,  and 
it  is  ver\'  probable  that  the  action  taken  by  camp  authorities  did  play  an  im- 
portant part  in  the  showing  made  by  the  particular  camps.  AMiatever  was  done 
that  was  effective  must  have  been  done  under  certain  great  principles,  whether 
intentionally  or  not,  as  explained  by  the  greater  principle  of  cause  and  effect. 

The  determination  of  the  principles  that  should  govern  our  action  in  epi- 
demic control  will  prove  a  fruitful  field  for  investigation  and  improvement  in 
public  health  work  in  the  military  and  in  civilian  life.  \\'ithout  a  careful  study 
of  them  no  medical  officer  will  be  competent  to  deal  with  epidemic  conditions 
and  without  a  thorough  acquaintance,  no  physician  can  well  avoid  doing  much 
that  is  useless  and  careless.  Epidemic  work  calls  for  the  application  of  the  most 
careful  detail  possible  according  to  the  great  principles  that  have  been  shown  to  be 
logical  and  helpful.     Soper^  has  done  much  to  make  these  clear  and  it  is  to  be 


36  THE    JOURXAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

lioped  that  there  will  be  more  and  more  attention  paid  to  this  aspect  of  medical 
instruction  in  the  medical  schools,  in  the  army,  and  in  boards  of  health.  I  have 
used  my  own  experience  with  the  help  of  Soper"s  principles  to  attempt  to  put 
down  on  paper  some  of  these  principles^  which  seem  to  be  sound  and  of  great 
aid  to  the  practical  epidemiologist.  These  will  not  be  elaborated  because  they 
have  been  pointed  out  in  the  substance  of  this  report. 

1.  Organization  and  preparation  for  epidemics  should  be  done  beforehand, 
in  as  great  detail  as  possible,  so  that  it  may  be  ready  for  application  when  the 
epidemic  begins. 

2.  Epidemics  are  easy  to  control  when  the  disease  can  be  attacked  at  its 
beginning,  but  when  it  has  already  widely  spread  are  extremely  difficult  to  control. 

3.  Diseased  persons  a'"e  the  great  sources  of  danger  in  epidemics ;  things 
are  not  generally  to  be  feared. 

4.  Direct  and  obvious  channels  of  infection  are  much  more  dangerous  than 
long,  roundabout  and  mysterious  ones. 

5.  Sources  of  infection  must  be  searched  for  and  not  awaited. 

6.  The  early  diagnosis  of  sick  persons  is  necessary  to  prevent  disease  spread. 

7.  In  the  military  service,  inspection  of  healthy  persons  is  necessary  to 
detect  early  disease. 

8.  Early  and  strict  isolation  of  possibly  infected  persons  is  essential  to 
control  the  disease. 

9.  Early  action  against  disease  is  much  more  potent  than  action,  no  matter 
how  thorough,  at  a  later  time. 

10.  Education  of  individuals  enables  them  to  assist  in  disease  prevention. 

11.  Separation  of  individuals  lessens  disease  incidence. 

12.  Crowding  of  individuals  contributes  to  disease  incidence. 

13.  Proper  methods  improperly  controlled  are  not  effective. 

14.  Proven  methods  of  artificial  immunization  are  to  be  used. 

15.  Lack  of  specific  immunizing  agents  for  specific  diseases  does  not  make 
epidemic  control  hopeless.  Such  a  lack  makes  it  imperative  that  every  practi- 
cal method  be  most  thoroughly  applied. 
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LABORATORY  METHODS 


MODIFICATIONS  OF  VAN  SLYKE'S  TITRATION  METHOD  FOR 
ESTIMATING  THE  ALKALI  RESERVE  OF  BLOOD* 


By  Howakd  D.  Haskixs,  M.D.,  and  Edwix  E.  Osgood,  Portland,  Ore. 


VAN  SLYKE'S  alkali  reserve  titration  method'  appealed  to  us  at  once  as  a 
simple  way  of  detecting  acidosis  and  of  determining  its  severity.  No  ex- 
pensive apparatus  is  required  and  the  technic  is  easier  than  that  of  Van  Slyke's 
original  method. - 

Classroom  results,  however,  were  disappointing.  The  error  was  due  chiefly 
to  the  difficulty  in  matching  a  turbid  plasma  mixture  with  a  perfectly  clear 
phosphate  standard  and  to  the  feeling  of  uncertainty  as  to  the  correct  end-point. 
A  few  of  the  students  obtained  results  that  were  sufficiently  accurate  for  clinical 
purposes,  but  most  of  them  were  dissatisfied  v\-ith  the  method  because  of  this 
annoying  uncertainty. 

In  order  to  overcome  this  difficulty  we  have  ])repared  a  turbid  standard. 
With  the  modifications  suggested  below,  the  method  now  gives  complete  satis- 
faction, and  the  results  are  practically  identical  with  those  secured  by  the  use 
of  Van  Slyke's  apparatus. 

MODIFICATIONS  OF  VAX   SLVKE's   METHOD 

1.  indicator. — Easier  matciiing  is  secured  by  using  one  half  quantity  of 
neutral  red,  (0.3  c.c.  of  0.05  per  cent  solution  instead  of  0.1  per  cent).  Dissolve 
50  mg.  of  powdered  neutral  red''  in  100  c.c.  of  50  ]jer  cent  alcohol,  and  keep 
the  solution  in  a  nonsol  flask  that  has  been  painted  black. 

2.  Flasks. — We  found  the  50  c.c.  flasks  too  small  for  convenient  mixing 
and  color  matching,  and,  therefore,  we  u.se   120  c.c.  nonsol  Erlenmeyer  flasks. 

3.  Prcserzvtioii  of  the  Standard  Alkali. — One  of  the  most  important  modi- 

N 
fications   consisted   in   di\i(ling   our   supplv   of  -jj-    sodium   hydroxide   between 

quite  a  number  of  small  nonsol  flasks.  Ordinary  glass  changes  the  alkalinity  of 
the  solution  in  a  short  time.  Exposure  of  the  solution  to  the  air,  as  is  necessary 
in  filling  the  burette,  leads  to  the  formation  of  carbonate,  which  interferes  with 
the  end-point  and  results  in  an  increased  titration.  We  found  that  generally 
we  could  use  the  solution  from  one  flask  only  for  one  day,  the  titration  value 
being  about  0.07  c.c.  greater  w-hen  used  later. 

4.  Permanent   Color   Standards. — Two    of    these    are    needed,    one    that    is 

perfectlv  clear  (used  onlv  for  checking  the  -^^  solutions)  and  one  that  is 
f  ,  .  "  30 

•From   the   Department   of  Biochemistry,   Medical    School,   University   of   Oregon. 

tWe  used  Grubler's.      Some  samples  of   neutral  red  that  we  have  tested  were  found  to  be  worthless. 
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turbid.  A  phosphate  mixture  (Ph  7.4)  may  be  used  for  the  clear  standard,  as 
Van  Slyke  directs.  Since  this  standard  contains  neutral  red  it  will  not  keep 
more  than  a  few  hours,  so  that  it  must  be  prepared  fresh  each  day.  We  prefer, 
therefore,  to  use  for  both  standards  a  mixture  that  has  a  permanent  color.  This 
was  suggested  by  the  previous  work  of  one  of  us  in  devising  permanent  standards 
for  determining  the  Ph  of  urine.'' 

The  turbid  standard  differs  from  the  clear  standard  only  in  containing  raw 
starch  (which  proved  to  be  more  satisfactory  than  inorganic  insoluble  sub- 
stances). Starch  cannot  be  used  with  neutral  red  and  the  phosphate  mixture 
of  Van  Slyke's  standard.     The  permanent  standards  are  prepared  as   follows : 

To  60  c.c.  of  special  buffer  phosphate  solution  (Ph  6.8)  add  5.6  c.c.  of 
amaranth*  solution  (dissolve  8  mg.  in  100  c.c.  distilled  water  and  add  0.5  c.c. 
chloroformthymol  preservative),  and  5.2  c.c.  of  paranitrophenol*  solution 
(dissolve  20  mg.  in  10  c.c.  alcohol  and  dilute  with  90  c.c.  distilled  water.)  The 
amaranth,  paranitrophenol  and  buffer  phosphate'*'  solutions  are  the  same  as  those 
used  in  the  preparation  of  the  standards  for  estimating  the  Ph  of  urine. ^ 
Transfer  30  c.c..  of  the  mixture  to  each  of  two  nonsol  Erlenmeyer  flasks  (120 
c.c.)  and  add  0.2  c.c.  of  chloroformthymol  preservative  to  each.  Keep  one  of 
these  as  the  clear  standard.  To  the  other  add  20  mg.  of  dry  finely  powdered 
corn  starch  (that  used  for  cooking  is  quite  satisfactory).  This  is  the  permanent 
turbid  standard.  Cork  Ixith  flasks  tightly  and  seal  with  paraffin.  They  keep 
indefinitely  if  protected  from  strong  sunlight. 

The  error  involved  in  the  use  of  the  clear  standard  for  plasma  titrations 
is  illustrated  in  Table  I. 

Table  I 
Comparison  of  Alkali  Reserve  Estimations  IJsing  Clear  and  Turbid  Standards 


titration  method 

N  ,,_ 

ALKALI     RESERVE 

-r^  HCl  neutralized 

ALKALI    RESERVED    FIGURE 

FIGURE    BY    VAN 

PLASMA 

SLVKE'S        APPA- 
RATUS 

USING    CLEAR 

USING    TURBID 

USING    CLEAR 

USING    TURBID 

C.C. 

C.C. 

STANDARD 

STANDARD 

1 

3.35 

3.23 

75.0 

72.3 

71.6 

2 

2.65 

2.45 

59.3 

54.8 

54.4 

3 

2.43 

2.25 

54.4 

50,4 

50.6 

4 

2.30 

2.15 

51.5 

48.2 

48.1 

5 

1.55 

1.44 

34.7 

31.4 

30.8 

TECHNIC    OF    TITRATING    THE    Al.KAI.I    RESERVE    OF    PLASMA 

Draw  the  blood  at  least  three  hours  after  the  last  meal  and  after  a  one 
hour  rest  period.  Have  a  paraffined  centrifuge  tube  ready,  containing  0.07  c.c. 
of  30  per  cent  potas.sium  oxalate  .solution  and  about  1  c.c.  of  paraffin  oil.  After 
inserting  the  needle  into  the  vein  release  the  ligature  before  letting  blood  into 
the  syringe.  If  duplicate  estimations  are  desired,  draw  10  c.c,  otherwise  5  c.c. 
is  sufficient.  Deliver  the  blood  at  once  below  the  oil,  tilt  and  rotate  the  tube 
to  ensure  quick  mixing  (do  not  shake).  Keep  the  blood  cold,  centrifuge  as 
soon  as  possible  and  draw  off  the  perfectly  clear  plasma  with  a  pipette. 

•We  secure  these  chemicals  from  Einier  and  Amend. 

tThis   may   be   prepared    from    Merck's   special    anhydrous   phosphates    {"Sorcnsen's")    which    are  the 

most  rehable  on  the  market.     Dissolve   1.362  gm.  K  H„P  O4  and  1.  422  gm.   Na.II   P  O,  in  al«ut  80  c  c 

aistdled  water  and  dilute  to  100  c.c.  "  i  .  .  >.  ^ui  ^u  ...i.. 
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Measure  accurate!}-  2  ex.*  of  plasma  and  5  ex.*  -^  HCl  into  a  medium- 
sized  Florence  .flask.  Add  a  drop  of  caprylic  alcohol  and  rotate  the  flask  for 
at  least  one  minute  in  order  to  spread  the  plasma  mixture  in  a  thin  film  on  the 
wall.  Pour  the  mixture  into  a  120  c.c.  Erlenmeyer  flask  and  wash  the  rest  into 
it  with  20  c.c.  of  distilled  water  (3  rinsings).     Add  0.3  c.c.  of  the  neutral  red 

X 
solution,  and  titrate  with  carbonate-free  -r-r-  NaOH  to  the  proper  end-point. 

Keep  the  top  of  the  burette*  covered  with  a  test  tube.    The  burette  must  have  a 
fine  tip  so  as  to  deliver  about  0.02  c.c.  with  each  drop. 

The  end-point  is  determined  by  comparing  the  plasma  mixture  with  the 
turbid  standard  (well  mixed).  The  color  matching  is  easy  even  when  the 
standard  has  a  diflferent  degree  of  turbidity  from  the  plasma  mixture,  if  the 
comparison  is  made  by  reflected  light  with  both  flasks  standing  on  a  white  sur- 
face. \Mien  near  the  end-point  add  one  drop  at  a  time  until  an  exact  match  is 
secured.  Read  the  burette.  If  the  proper  end-point  has  been  reached  the  addi- 
tion of  another  drop  will  make  the  plasma  mixture  slightly  too  yellowish. 
Always  carry  the  titration  to  this  point.  Van  Shke's^  warning  as  to  the  shift- 
ing back  of  the  color  from  yellow  to  pink  when  near  the  end-point  applies  onlv 

X      ,  .   . 

to  —^  NaOH  containing  some  carbonate. 

Wash  the  titration  flask  soon  to  prevent  the  neutral  red  depositing  on  the 
glass  (ammonia  removes  the  deposit). 

Calculation. — Determine   the    c.c.   of    -^    HCl    neutralized   bv   subtracting 

oO  ■  ^ 

the  c.c.  of  -~-  X'aOH  used  from  the  titration  value  of  5  c.c.  of  the  acid.     Mul- 
tiply this  figure  by  22.4.     The  result  is  the  alkali  reserve  figure,  which  agrees 
closely  with  the  figure  obtained  by  using  Van  Slyke's  apparatus  (see  Table  H). 
Standards  for  Judging  the  Results   (Van  Slyke). — 

Norma!  resting  adults   over  50. 

Mild  acidosis  without  symptoms    40  to  50. 

Moderate  acidosis  which  may  give  symptoms   30  to  40. 

Severe  acidosis  with  distinct  symptoms  below  30. 

Titration  Value  of  the  —■  HCL. — This  should  be  determined  (in  the 
manner  directed  below)  each  day  that  estimations  are  made.  A  variation  of 
0.05  c.c.  from  the  correct  titration  is  allowable.  U  the  -^  XaOH  contains 
a  little  carbonate,  it  becomes  difficult  to  secure  a  satisfactory  titration  because  of 
the  shifting  of  the  color  after  the  addition  of  each  drop  of  alkali  when  near  the 
end-point.  The  following  modification  has  remedied  this  difficulty.  To  20  c.c. 
of  distilled  water  and  0.3  c.c.  of  neutral  red  add  1  c.c.  of  a  weak  Xa.HPO^ 

solution   (about  50  mg.  per  100  c.c.)  and  then  add   -^^  HCl,  a  small  drop  at  a 


time,  until  the  mixture  matches  the  clear  standard.     Xow  add  5  c.c.  -^   HCl 
and  titrate. 

•Both  pipettes  anri   the  burette  should  be  tested    for  accuracy. 
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ReagcnU.-(\.)  Prepare  ~  HCl  by  exact  dilution  of  a  correct  -y^ solu- 
tion. Chloroform  may  be  added  to  prevent  grov.th  of  molds.  (2.)  Prepare 
carbonate- free  —  NaOH  as  follows :— Boil  1  liter  of  distilled  water  for  about 
one  minute,  cork  (loosclv)  and  cool.  Now  add  1.2  c.c.  of  clear  65  per  cent 
NaOH*  and  mix  thoroughly.  Keep  the  flask  tightly  corked.  Fill  a  burette  with 
the  solution  and  cover  it  with  a  test  tube.     Now  check  the  solution  by  titrating 

,       r  N 

a  mixture  of  exactly  5  c.c. 


50 


HCl,  20  c.c.  distilled  water  and  0.3  c.c.  neutral 
red  in  a  120  c.c.  Erlcnme)-er  flask  until  it  matches  the  clear  permanent  standard. 
Dilute  the  whole  volume  of  solution  with  an  amount  of  boiled  distilled  water, 
such  that  the  titration  will  become  exactly  5  c.c,  and  recheck. 

■'^     NaOH  should  be  divided  among  a  number  of  small  nonsol  flasks 


The 


50 


as  previously  stated,  putting  25  to  50  c.c.  in  a  flask.     Keep  the  flasks  tightly 
stoppered.    The  solution  may  be  used  from  one  flask  for  one  day  only,  as  a  rule. 

RESULTS   SECURED   USING   THE   MODIFIED    METHOD 

It  will  be  seen  by  referring  to  Table  II  that  in  the  case  of  the  15  plasmas 
examined  the  results  were  very  satisfactory.  In  only  two  cases  is  the  variation 
in  the  alkali  reserve  figure  from  that  (jbtained  b\-  the  standard  method  greater 
than  1,  the  widest  variation  being  1.5.  In  order  to  get  such  close  results  it  is 
necessary  to  read  the  burette  very  carefully,  within  0.02  c.c.  (compare  duplicate 
estimations  in  Table  II). 

Table  II 
Modified  Titration  and  Standard  Methods  Compared 


titration 

method 

ALKALI  RESERVE 
FIGURE   BY   VAN 

VARL\TION     IN    THE 
RESULTS     BY    THE 

PLASMA 

r7,     HCl 

.\LKALI  RESERVE 

50 

FIGURE 

slyke's  APPAR.\TUS 

TWO    METHODS 

neutralized  c.c. 

1. 

3.23 

72.3 

71.6 

+0.7 

2. 

2.63 

58.9 

59.1 

-0.2 

2.63 

58.9 

-0.2 

2.65 

59.4 

+0.3 

3. 

2.50 

56.0 

56.2 

-0.2 

2.53 

56.7 

+0.5 

4. 

2.45 

54.8 

54.4 

+0.4 

5. 

2.43 

54.4 

53.1 

+1.3 

2.40 

53.8 

+0.7 

6. 

2.25 

50.4 

50.5 

-0.1 

2.23 

49.9 

-0.6 

7. 

2.15 

48.2 

48.1 

+0.1 

8. 

2,18 

48.8 

47.3 

+1.5 

2.15 

48.2 

+0.9 

9. 

1.81 

40.5 

41.4 

-0.9 

1.81 

40.5 

-0.9 

10. 

1.82 

40.8 

40.0 

+0.8 

11. 

1.62 

36.3 

36.7 

-0.4 

12. 

1.44 

.32.3 

32.0 

+0.3 

13. 

1.35 

30.2 

31.0 

-0.8 

14. 

1.40 

31.4 

30.8 

+0.6 

IS. 

1.25 

28.0 

28.1 

-0.1 

'If  this  strong  alkali  solution  is  not  on  hand,  it  may  be  prepared  as  follows:     Dissolve   50  gm.   pure 
XnOII   in   50  c.c.  distilled  water,  cool  and  let  it  settle  a  couple  of  days  in  a  tightly  corked  bottle. 
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Each  plasma  was  treated  as  an  unknown  and  the  results  were  not  calculated 
until  the  estimations  by  both  methods  were  completed.  All  the  results  were 
secured  after  becoming  expert  in  the  technic. 

Conclusion. — We  feel  confident  that  this  new  method,  as  modified  above, 
will  prove  to  be  a  satisfactory  test  for  acidosis  even  in  the  hands  of  the  average 
practitioner. 
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A  COMPARISON  OF  THREE  METHODS  OF  EXAMINING  SPUTA  FOR 
B.  TUBERCULOSIS 


By  Lloyd  R.  Jones,*  Greexville,  S.  C. 


TEXTBOOKS  ordinarily  refer  to  two  methods  of  preparing  sputum  speci- 
mens for  examination,  namely,  a  smear  made  directly  from  the  expectorated 
material  choosing  the  gray,  purulent  particles  and  smears  made  from  the  sedi- 
ment of  the  specimen  after  some  method  of  concentration  has  been  used.  For 
the  latter  procedure  the  use  of  antifonnin  is  often  advocated.  Goeckel^  has  re- 
cently advised  the  use  of  Rice's  Bromine  and  Alkali  reagent  as  a  substitute  for 
antiformin.  Antiformin,  first  used  by  Uhlenhuth-  in  bacteriologic  studies  and 
now  in  extensive  use,  is  a  strong  solution  of  sodium  hydroxide  and  sodium  hypo- 
chlorite, and  is  a  very  potent  oxidizing  agent,  dissolving  many  kinds  of  organic 
matter  and  most  microorganisms.  The  tubercle  bacterium,  however,  probably 
owing  to  its  waxy-like  capsule,  is  quite  resistant  to  this  oxidation  process  and 
remains  intact  with  normal  staining  characteristics. 

At  this  I^aboratorj-  where  from  50  to  100  specimens  of  sputum  are  exam- 
ined daily  we  have  subjected  all  of  them  to  15  pounds  of  steam  pressure  for 
15  minutes  in  an  autoclave.  This  process,  of  course,  coagulates  all  mucus  and 
serous  material  and  renders  innocuous  tubercle  bacilli  if  present,  as  well  as  all 
other  microorganisms.  The  coagulum  with  its  entangled  bacteria  is  of  suitable 
consistency  for  preparing  the  smear. 

In  order  to  compare  the  value  of  the  various  methods  in  the  routine  exam- 
ination of  sputa,  the  writer  selected  a  ward  with  seventeen  patients  from  whom 
the  expectorations  between  the  hours  of  12  midnight  and  6  a.m.  were  collected 
in  the  ordinary  type  of  sputum  container  and  brought  to  the  laboratory  for  ex- 
amination. As  the  amount  of  sputum  would  not  permit  all  three  methods  of 
examination  to  be  made  from  a  single  specuiicn,  the  plan  of  using  one  each  day 
was  used. 

Direct  smears  were  made  by  selecting  from  the  tenacious  material  the  puru- 
lent particles  for  examination. 


•Scientific  Assistant,   U.   S.   Public  Health   Service   Hospital,   Xo.  26,  Greenville,   South   Carolii 
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PATIEKT    JtETHOD 


GAFFKV    NUMBERS 


"A" 

Direct 

Antiformin 

Autoclaved 

8 
8 

7 

7 
7 
7 

8 
6 
6 

7 
8 
7 

8 
8 
8 

8 
9 

10 

9 

6 

7 

7 
7 
9 

9 

7 
7 

6 

S 

7.8 
7.2 
7.3 

"B" 

Direct 

Antiformin 

Autoclaved 

7 
9 
3 

9 

8 
8 

6 
6 
7 

7 
4 
4 

7 
8 
6 

9 

6 

5 

7 
7 
6 

7 
7 
4 

7 
6 

5 

7 
8 

7.3 

6.8 
5.3 

"C" 

Direct 

Antiformin 

Autoclaved 

Neg 
3 

4 

4 

4 
4 

3 
1 
4 

3 
4 
3 

4 
4 

5 

3 

5 
5 

3 

4 
2 

3 

5 
4 

4 
4 
4 

4 
4 

3.0 
3.8 
3.9 

"D" 

Direct 

Antiformin 

Autoclaved 

10 
10 

9 
9 
10 

8 
4 
8 

7 

10 
9 

8 
7 
9 

9 
10 
10 

8 
9 
9 

9 
9 
9 

8 
9 
10 

9 
10 

8.2 
8.5 
9.4 

"E" 

Direct 

Antiformin 

Autoclaved 

5 
8 
8 

7 
7 
7 

5 
5 
4 

8 
8 
10 

7 
7 
9 

8 
8 
8 

8 
8 
8 

7 
7 
9 

8 
8 
8 

8 
8 

7.0 
7.4 
7.9 

"F" 

Direct 

Antiformin 

Autoclaved 

6 
9 

7 

7 
7 
8 

6 

Neg 

8 

6 

7 
5 

4 
7 
7 

6 
7 
6 

7 
6 
4 

6 
7 
6 

4 
6 

1 

4 
6 

5.7 
6.0 
5.8 

"G" 

Direct 

Antiformin 

Autoclaved 

Neg 
7 
1 

4 
4 
1 

5 
2 
3 

2 

Neg 

2 

Neg 
2 

4 

5 
4 

4 
7 

5 

4 

Neg 

4 

4 
2 

6 

Neg 
6 

3.1 
4.3 
3.6 

"H" 

Direct 

Antiformin 

Autoclaved 

6 
7 
6 

7 
8 

7 

6 
Neg 

S 

6 
9 
8 

8 
9 

2 

7 
9 
9 

8 
8 
8 

7 
8 
8 

7 
9 
2 

8 
7 

6.4 
7.5 
6.2 

"I" 

Direct 

Antiformin 

xA.utoclaved 

6 
8 
6 

5 
6 

7 

7 
3 
8 

5 
5 
6 

5 
5 
6 

3 
7 
5 

5 
7 
5 

6 
6 
6 

5 
6 
6 

6 

5 

4.8 
5.9 
6.0 

"J" 

Direct 

Antiformin 

Autoclaved 

6 
10 

7 

7 
9 
6 

7 
4 
2 

6 
6 

5 

6 
8 
7 

7 
8 

5 

7 
9 
8 

7 
7 

5 

7 
6 
7 

7 
6 

6.6 
7.4 
5.8 

"K" 

Direct 

Antiformin 
Autoclaved 

6 
9 

8 

8 
8 
8 

7 
6 
7 

7 
6 
7 

5 
9 
6 

6 
6 

5 

6 
9 
8 

5 
7 
6 

7 
6 
3 

6 

S 

6.3 
7.2 
6.3 

"L" 

Direct 

Antiformin 

Autoclaved 

5 
7 
6 

7 
4 

7 

6 

Neg 
7 

3 

6 
7 

6 
6 
6 

6 

5 
6 

4 
6 
6 

6 
5 
4 

6 
6 
6 

6 
6 

5.4 
5.1 
6.1 

"M" 

Direct 

Antiformin 

Autoclaved 

6 
10 
9 

9 
9 
8 

8 
8 
8 

7 
8 
9 

7 
8 
10 

7 
8 
10 

9 

9 
8 

9 
10 
8 

7 
9 
9 

8 
9 

7.6 
8.7 
8.8 

"N" 

Direct 

Antiformin 

Autoclaved 

7 
9 
6 

7 
7 
6 

6 
6 
2 

5 
7 
6 

8 
7 
4 

8 
9 
7 

6 
8 
5 

8 
8 

7 

7 
9 
8 

8 
4 

6.8 
7.8 

5.5 

"0" 

Direct 

Antiformin 

Autoclaved 

6        9 
9        9 

6  Neg 

7 
9 
6 

7 
9 

Neg 

7 
9 
7 

7 
8 
2 

8 
8 
6 

7 
9 
6 

6 
9 

5 

8 
1 

7.1 
8.7 
3.9 

"P" 

Direct 

Antiformin 

Autoclaved 

6 
7 
10 

10 
9 
9 

10 
7 
6 

4 
8 
8 

10 
9 
8 

9 

5 

10 
8 
4 

10 
10 

8 

9 
9 
7 

9 
4 

8.3 
8.5 
6.9 

"Q" 

Direct 
Antiformin 
Autoclaved 
Average  GafTky 
Average  Gaffky 
Average  Gaflfky 

6        6 

9  Neg 

8        9 

number  on 

number  on 

number  on 

8  6        6        8        9        7 
Neg       4        4        5        5        9 

9  9        9        5        6       4 
all  direct  examinations 

all  antiformin  examinations 
all  autoclaved  examinations 

8 
4 
7 

2 
9 

7.1 
4.2 
7.5 
6.3 
6.7 
6.3 
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AMth  the  antiformin  method  the  reagent  of  30  per  cent  strength  was  added 
to  the  sputum  in  centrifuge  tubes  (the  volume  of  each  being  equal)  and  allowed 
to  stand  from  10  to  12  hours  in  which  time  digestion  of  the  tenacious  mass  was 
completed.  The  tubes  were  then  centrifuged  at  a  high  rate  of  speed  for  15  min- 
utes and  smears  made  from  the  sediment.  With  the  autoclave  method,  thick 
smears  were  prepared  from  the  coagulum. 

All  prepared  smears  were  fixed  to  the  slide  by  heat,  stained  with  steaming 
carbol-fuchsin  for  from  .^  to  10  minutes,  decolorized  with  acid  alcohol  (2.5  per 
cent  hydrochloric  acid  in  95  per  cent  ethyl  alcohol)  and  counterstained  with  a 
saturated  alcoholic  solution  of  picric  acid.  This  particular  method  of  counter- 
staining  gives  very  satisfacton,-  results  in  our  hands  in  that  it  gives  to  the  prepa- 
ration a  soft  yellow  color  that  is  easily  penetrated  by  light  and  makes  possible 
the  examination  of  thick  smears  in  that  the  microscope  mav  be  focused  up  and 
down  through  the  mass,  thereby  improving  the  chances  of  finding  the  acid-fast 
organisms  if  they  are  not  abundant,  since  relatively  larger  amounts  of  material 
are  examined. 

In  recording  the  results  of  microscopic  examination  we  have  used  Gaiifkv^'s 
scheme^  tabulating  the  average  number  of  bacteria  per  field  in  accordance  with 
the  following  (See  Table,  page  42)  : 

(gaffkv's  scheme  as  modified  by  l.  browx) 

1.  Only  1  to  4  in  a  whole  preparation. 

2.  Only  1  bacillus  on  an  average  in  many  fields. 

3.  Only  one  bacillus  on  an  average  in  each  field. 

4.  2  to  3  bacilli  on  an  average  to  each  field. 

5.  4  to  6  bacilli  on  an  average  to  each  field. 
6   7  to  12  bacilli  on  an  average  to  each  field. 

7.  13  to  25  bacilli  on  an  average  to  each  field. 

8.  About  50  bacilli  on  an  average  to  each  field. 

9.  100  or  more  bacilli  on  an  average  to  each  field. 
10.  Enormous  numbers  on  an  average  to  each  field 

From  the  foregoing  it  is  noted  that  the  concentration  of  bacilli  in  tubercu- 
lous sputum  is  slightly  more  after  treatment  with  the  antiformin  than  with  the 
autoclave  method.     Neither  to  any  extent  surpass  the  direct  smear  examination. 

Among  the  direct  smear  examinations,  negative  sputa  were  found  three 
times  on  two  patients.  With  the  antiformin  method  negative  sputa  were  found 
eight  times  on  five  patients  and  with  the  autoclave  method  only  two  negatives 
were  found  in  the  whole  series  and  those  on  one  patient.  That  is  to  say  of  a 
total  of  153  examinations  by  the  direct  method  three  were  negative,  of  a  total  of 
170  by  the  antiformin  method  eight  were  negative,  and  of  170  examinations  by 
the  autoclave  method  only  two  were  negative. 

The  autoclave  method  kills  all  the  tubercle  bacilli  and  the  material  is  sub- 
sequently easy  to  handle  and  quite  safe  so  far  as  the  danger  of  disseminating  the 
infection  is  concerned  and  where  large  numbers  of  .specimens  are  to  be  examined 
the  method  is  most  convenient. 

The  writer  is  greatly  indebted  to  .Assistant  Bacteriologist  Helen  E.  Kellogg 
and  other  assistants  in  making  the  examinations  and  in  compilation  of  the  above 
data. 
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THE  ESTIMATION  OF  CHLORIDES  IN  WHOLE  BLOOD* 


Rv  John  B.  Rieger,  S.M.,  M.D.,  Detroit,  T^Iich. 


AS  a  method  of  precision,  the  detei-mination  of  chlorides  in  whole  blood,  ac- 
cording to  Van  Slyke  and  Austin,^  leaves  little  to  be  desired.  The  applica- 
tion of  the  Volhard  titration  to  the  protein-free  filtrate  obtained  by  the  Folin 
system  of  blood-analysis,-  is,  however,  entirely  feasible  and  will  be  preferred  by 
some.  Rappleye^  has  successfullv  applied  the  principle  to  plasma,  and  his  tech- 
nic  with  slight  changes  may  also  be  used  on  the  filtrate  obtained  by  tungstic  acid 
precipitation,  provided  the  reagents  be  free  of  chloride. 

purification  of  sodium  tungstate 

A  ten  per  cent  solution  of  sodium  tungstate  is  acidified  with  an  equal  volume 
of  concentrated  nitric  acid,  the  lemon-yellow  precipitate  filtered  off,  and  to  the 
filtrate  which  has  remained  clear  following  the  addition  of  a  few  more  drops  of 
nitric  acid,  is  added  a  few  drops  of  silver  nitrate  test  solution.  Any  turbidity 
that  ma}'  be  seen  by  transmitted  light  indicates  an  appreciable  chloride  content. 

To  purify,  the  tungstate  solution  is  poured  into  an  equal  volume  of  fifty  per 
cent  sulphuric  acid  contained  in  a  tall  cylinder,  the  precipitate  allowed  to  settle 
and  the  supernatant  fluid  syphoned  off  or  sucked  off  through  a  Biichner  funnel. 
The  precipitated  acid  is  washed  by  decantation  until  the  test  for  chlorides  is  no 
longer  given;  it  is  then  dissolved  in  the  requisite  amount  of  40  per  cent  sodium 
hydroxide  (seven  c.c.  for  each  ten  grams  of  sodium  tungstate  taken)  and  the 
reaction  adjusted  with  dilute  sulphuric  acid,  until  neutral  to  litmus.  Enough 
water  is  then  added  to  make  a  solution  of  1.15  sp.gr.  This  is  filtered  and  is  then 
ready  for  use. 

SOLUTIONS   required 

1.  Standard  silver  solution. 

Silver  nitrate  crystals,  7.2653  g. 

Nitric  acid,  sp.gr.,  L42,  250         c.c. 

Sat.  sol.  iron-ammonium  alum         50         c.c. 
Distilled  water  ad  1000         c.c. , 

2.  Ammonium  sulphocyanate  solution,  0.75  g.  in  1000  c.c,  to  be  adjusted 
by  titration  so  that  25  c.c.  equals  five  c.c.  of  the  silver  solution. 

3.  Solution  of  sodium  oxalate,  recry.stallized,  1  g.  to  100  c.c.  One  c.c.  of 
the  solution  is  put  in  an  ounce  salt-mouth  bottle,  and  evaporated  to  dryness.  The 
oxalate  forms  a  thin  film  over  the  bottom  and  is  sufficient  for  10-15  c.c.  of  blood. 

4.  Chloride-free,  neutral  10  per  cent  sodium-tungstate  solution,  .sp.gr.  L15. 

5.  Sulphuric  acid,  2/3  normal. 
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THE    DETERMIXATION 

One  volume  of  sodium  tungstate  solution  is  placed  in  a  suitable  flask,  one 
volume  of  oxalated  blood  is  added,  followed  by  one  volume  of  2/3  normal  sul- 
phuric acid.  The  flask  is  well  agitated  and  allowed  to  stand  for  an  hour  or 
longer,  preferably  in  an  ice  box,  for  protection  of  organic  constituents.  The 
blood  is  then  diluted  to  ten  volumes,  the  flask  agitated,  and  the  contents  filtered. 
The  filtrate  should  be  water-white,  and  gi\e  no  precipitate  with  an  equal  volume 
of  nitric  acid  (absence  of  tungstate!.  The  presence  of  tungstate  greatly  ob- 
scures the  end-point  in  the  succeeding  titration.  Twenty  c.c.  of  the  filtrate,  rep- 
resenting 2  c.c.  whole  blood,  is  placed  in  a  50  c.c,  volumetric  flask,  10  c.c.  dis- 
tilled water  added  and  10  c.c.  of  the  standard  sih-er  solution.  Dilute  to  the  mark, 
shake  vigorously  to  coagulate  the  silver  chloride,  centrifuge  or  filter.  Twentv- 
five  c.c.  of  the  filtrate  is  then  titrated  with  ammonium  sulphocyanate  to  the  ap- 
pearance of  the  first  brown  tinge.  This  is  quite  sharp.  The  number  of  c.c.  of 
the  cyanate  solution  is  subtracted  from  25  and  the  difference  multiplied  bv  50  to 
obtain  the  number  of  milligrams    of  sodium  chloride  per  100  c.c.  of  whole  blood. 

REFERENCES 

iVan  Slyke,  D.  D.,  and  Austin,  H. :     Jour.  Biol.  Chem..  1920,  xli.  No.  3.  p.  345. 
2Folin.  O.,  and  Wu,  H. :     Jour.  Biol.  Chem.,  1919,  xxxviii,  81. 
3Rappleve.  W.  C. ;     Jour.  Biol.  Chem.,  1918,  xxv,  509. 


A  NOTE  ON  THE  STABILITY  OF  DRAWN  BLOOD* 


By  H.  L.  A\"hite,  Ph.D.,  and  Thomas  Watsox,  M.A.,  Los  Angeles,  Cal. 


THE  question  is  frequently  asked :  What  changes  take  place  in  samples  of 
drawn  blood,  upon  standing  for  several  hours,  that  may  affect  the  value  of 
the  results  of  chemical  analysis  for  clinical  purposes?  As  frequently  happens, 
samples  of  blood  obtained  during  early  afternoon  office  hours  may  not  reach  the 
analyst  before  the  following  morning.  In  sparsely  settled  sections,  samples  of 
blood  must  be  sent  to  the  analyst  by  mail  or  express.  In  either  case  there  is  a 
delay  of  from  sixteen  to  twenty-four  hours  before  the  analysis  is  begun.  An- 
other factor  involved  is  that  of  temperature.  While  some  samples  may  be  placed 
in  a  refrigerator,  others  must  be  kept  at  room  temperature  for  several  hours 
with  the  possibility  of  some  changes  in  composition  taking  place. 

A  few  references  have  been  noted  in  the  literature  upon  the  keeping  qual- 
ities of  blood,  but  they  are  inconclusive  and  leave  the  general  impression  that 
changes  take  place  rapidly.  The  analyst  is  advised  by  the  authors  of  one  manual 
to  estimate  sugar  and  creatinine  at  once  "because  these  two  substances  most 
quickly  deteriorate." 

In  order  to  be  able  to  answer  the  question  as  to  the  changes  taking  place  in 
blood,  we  obtained  samples  of  ox  blood  and  of  human  blood  which  were  analyzed 

•From  (he  College  of  Physicians  and  Surgeons,  Merlical  Department,  University  of  Sontliern  Cali- 
fornia,  Los  Angeles.   Cal. 
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Table  I 

NONPROTEIN   AND  UREA   NITROGEN 

Mgs.  per  100  c.c.  Blood 


I.AB.   NO. 

KIND  OF 

AGE   OF    SAMPLE 

TEMPERATURE 

NONPROTEIN 

UREA 

BLOOD 

(hours) 

NITROGEN 

NITROGEN 

20 

Ox  Blood 

1 

Room 

23.0 

11.0 

20  (a) 

24 

Room 

21.0 

8.0 

20  (b) 

24 

Refrigerator 

20.0 

10.0 

18 

Ox  Blood 

Room 

43 

16 

18   (a) 

25 

Room 

42 

— 

18  (b) 

25 

Refrigerator 

49 

— 

18  (c) 

168 

Refrigerator 

— 

IS 

3 

Human   Blood 

Room 

26 

16 

3  (a) 

18 

Room 

27 

14 

a.s  soon  as  possible  after  being  drawn.  The  remainder  of  the  sample  was 
divided  into  two  parts,  one  of  which  was  placed  in  a  refrigerator,  while  the  sec- 
ond was  allowed  to  remain  at  laboratory  temperature.  These  conditions  are 
indicated  in  Tables  I  and  II  as  "Refrigerator"  and  "Room."  The  samples  were 
collected  in  clean,  but  not  sterile  containers,  with  sufficient  potassium  oxalate 
added  to  prevent  coagulation.  The  analyses  were  made  by  the  methods  of  FoHn 
and  \\\\.     Tlie  results  are  shown  in  Tables  I  and  II. 


T 

\BLE 

n 

Creatinini 

,  U 

RIC 

■\CID    AND    SUG 

■\R 

Mgs. 

per 

100 

C.C.  Blood 

LAB.   NO, 

KIND  OF 

AGE  OF   SAMPLE 

TEMPERATURE 

CREATININE 

URIC 

SUGAR 

BLOOD 

(hours) 

ACID 

A 

Rabbit  Blood 

S   (minutes) 

Room 

1.3 



320 

Al 

2 

Room 

1.4 

— 

310 

15 

Ox  Blood 

1 

Room 

1.1 

2.3 

243 

15   (a) 

20 

Room 

1.1 

2.2 

204 

IS  (b) 

20 

Refrigerator 

1.1 

2.1 

208 

IS   (c) 

44 

Room 

— 

— 

142 

IS   (d) 

44 

Refrigerator 

— 

— 

168 

15   (e) 

144 

Room 

— 

1.4 

none 

15   (f) 

144 

Refrigerator 

— 

3.6 

46 

9 

Human  Blood 

3 

Room 

1.0 

— 

120 

9  (a) 

27 

Room 

l.S 

— 

110 

3 

Human  Blood 

1 

Room 

1.9 

3  (a) 

18 

Room 

1.8 

The  results  obtained  in  this  preliminary  inve.stigation  lead  us  to  believe  that 
the  changes  taking  place  in  blood,  as  shown  by  ordinary  chemical  estimations, 
are  slight  in  character,  and  that  a  sample  of  blood  may  be  kept  in  a  clean  con- 
tainer for  about  twenty  hours  at  room  temperature  without  undergoing  any 
marked  decomposition.     This  work  is  being  continued. 

We  wish  to  acknowledge  our  indebtedness  to  Mr.  Charles  Drabkin,  a  stu- 
dent in  this  College,  for  his  very  efficient  aid  in  the  analytical  v/ork. 


BACTERIAL  VACCIXES-CHLORETOXE    SOLUTION  AS    A    VEHICLE 
FOR    THEIR  ADMINISTRATION* 


By  R.  G.  Owen,  M.D.;  F.  A.  Martin,  M.D.  ;  and  W".  L.  Bkosius,  M.D., 
Detroit,  Mich. 


IN  A  recent  article  in  this  Journal,  Aldrich  and  Ward'  discussed  the  use  of 
chloretone  (Trichlorotertiary  Butyl  Alcohol)  and  mentioned  its  anesthetic 
and  bactericidal  powers,  stating  that  it  would  not  only  prevent  the  growth  of 
moulds,  but  would  kill  all  but  the  most  resistant  spore  bearing  germs.  It  also 
exerts  marked  local  anesthetic  effect  with  some  hypnotic  and  general  anesthetic 
action.     In  addition  relatively  large  doses  can  be  taken  with  impunitv. 

For  several  years  we  have  been  using  a  saturated  solution  of  chloretone  to 
wash  onr  bacterial  suspension  off  the  agar  slants  and  to  dilute  the  bacterial  mass 
to  the  proper  number.  After  the  desired  dilution  has  been  made,  the  vaccine  is 
heated  in  a  water-bath  at  55-60°  C.  for  one  hour  and  the  usual  control  cultures 
made.  The  chloretone  will,  of  itself,  kill  all  the  organisms  present  without 
heat,  but  may  require  several  days  to  do  so. 

There  is  no  clumping  of  the  organisms  as  seen  when  Tricresol  or  carbolic 
acid  is  added  and  the  resulting  vaccine  is  perfectly  homogenous,  sterile,  and  re- 
mains so.  Moreover,  its  anesthetic  properties  make  the  use  of  such  a  vaccine 
most  acceptable  to  the  patient. 

It  is  not  necessary  to  sterilize  the  chloretone  solution  before  use.  A\"e  sim- 
ply make  up  a  saturated  solution  in  cold  distilled  water,  keep  it  for  several  days 
and  test  to  insure  sterilitj'.     Once  sterile  it  will  remain  so  indefinitely. 


Errata 


In  the  editorial  entitled  "Recent  Researches  on  the  Capillary  Circulation"  in 
the  September  number  of  this  Journal  (Vol.  V,  No.  12,  p.  803),  the  word  methane 
is  used  instead  of  urethanc  (on  pp.  805  and  806).  This  error  has  arisen  because 
of  the  impossibility  of  submitting  proof  to  the  writer  of  the  article  who  was 
overseas. 


In  the  July  issue  of  the  Journal  the  editorial  entitled  "Recent  Work  on  Vita- 
mines''  should  be  signed  /.  /.  R.  Mc. — not  V.  C.  V. 


*From  the  Bacteriological   Department  of  the   Detroit  Clinical  Laboratory,  Detroit,  Mich. 
'Jour.  Lab.  and  Clin.  Med.,  1920,  v,  583. 
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EDITORIALS 


Isolation  of  the  Specific  Hormone  of  the  Posterior  Portion 
of  the  Pituitary  Gland 

T^UK  a  quarter  of  a  century  a  peculiar  and  fascinating  interest  has  been  at- 
-*■  tached  to  the  study  of  the  ductless  glands.  The  literature  on  this  subject 
has  grown  to  enormous  proportions,  and  in  many  phases  of  this  obscure  field, 
has  far  outrun  the  real  progress  of  our  actual  knowledge  of  the  subject.  The 
gradually  increasing  clinical  utilization  of  preparations  obtained  from  the  en- 
docrine glands  has  served  to  still  further  stimulate  investigation  along  these 
lines. 

Some  twenty  years  ago  AbeP  isolated  the  active  princijile  of  the  adrenal 
glands  and  named  it  epinephrine.  And  within  the  last  year  this  investigator  and 
his  coworkers  have  again  made  most  valuable  contributions  to  our  knowledge 
of  internal  secretions.  On  this  occasion,  however,  the  posterior,  or  infundibular, 
portion  of  the  pituitary  gland  has  been  studied.  Notwithstanding  the  long  period 
of  time  which  has  elapsed  since  Schafer  and  Oliver^  discovered  that  crude  ex- 
tracts of  the  pituitary  gland  would  raise  blood  pressure,  still  the  true  active  prin- 
ciple of  the  po.sterior  portion  of  this  gland  has  not  been  isolated  and  identified  as 
a  pure  chemical  substance. 
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AbeP  and  his  collaborators  have  recently  published  three  papers  on  this  sub- 
ject, of  which  the  last  is  of  the  most  immediate  interest. 

In  1912  Guggjenheim"'  discovered  that  pituitary  extracts  caused  contraction 
of  the  uterus  in  the  rat,  but  that  histamine,  (/8-iminazolylethylamine,  "ergamine") 
caused,  on  the  contrary-,  relaxation  and  reduction  of  tonus  in  this  organ.  Two 
other  experimenters^  have  recently  found  that  in  the  dog  histamine  is  a  very  in- 
tense bronchoconstrictor,  but  that  those  pituitary  extracts  which  contain  not  more 
than  traces  of  histamine  are  without  action  on  the  bronchioles  of  this  animal. 
On  the  contrary,  both  pituitaiy  extracts  and  histamine  produce  very  marked 
uterine  contractions  in  the  dog.  But  commercial  preparations  of  the  pituitary 
gland  frequently  contain  small,  variable  amounts  of  some  substance  acting  in  a 
manner  exactly  similar  to  histamine.  These  preparations  produce  bronchocon- 
striction  in  proportion  to  the  amount  of  this  substance  present.  And  these  au- 
thors also  suggest  that  in  all  probability  the  true  active  principle  of  the  posterior 
portion  of  the  pituitary  gland  is  a  simple  body  of  the  sympatho-mimetic  amine 
tj^pe  which  most  likely  acts  by  stimulation  of  the  endings,  or  myoneural  junc- 
tions, of  certain  nervous  elements,  which  very  likely  belong  to  the  thoracico-lum- 
bar  division  of  the  autonomic  nervous  system.  Dudley'^  has  also  verified  Guggen- 
heim's earlier  observation  that  alkali  will  destroy  both  the  pressor  and  the  mus- 
cle stimulating  activities  of  a  pituitary  extract  in  a  concentration  which  leaves 
the  action  of  histamine  on  the  blood-pressure  unaltered.  And  Dudley  has  also 
shown  that  butyl  alcohol  will  readily  extract  the  uterine  stimulating  substance 
from  acid  solution,  while  under  the  same  circumstances  histamine  is  only  very 
slowly  extracted.  And  it  may  be  further  noted  that  the  active  principle  of  the 
pituitary  gland  is  insoluble,  while  histamine  is  soluble  in  boiling  chloroform,  and 
digestion  with  trypsin  rapidly  destroys  the  active  pituitary  principle  but  leaves 
histamine  unchanged.  Dudley's  observations  have  been  confirmed  and  extended 
by  Abel  and  N'agayama."  And  further  these  authors  have  shown  both  chem- 
ically and  pharmacologically  that  commercial  pituitary  extracts  contain  small 
amounts  of  histamine.  This  seems  to  be  a  result  of  the  methods  used  in  the  prep- 
aration of  these  extracts,  for  they  find  that  infundibular  extracts  that  have  been 
prepared  with  care  from  fresh  glands,  without  boiling  or  long  exposure  to  acids, 
contain  only  small  amounts  of  free  histamine,  but  commercial  extracts  may  con- 
tain a  much  higher  proportion  of  this  substance.  It  seems  that  histamine  may 
thus  be  derived  from  the  decomposition  of  some,  as  yet  unknown,  constituent 
of  the  posterior  lobe.  Of  still  further  interest,  however,  is  the  finding  of  Abel 
and  Nagayama  that  infundibular  extracts  contain  not  one,  but  two,  depressor 
substances.  And  in  addition  they  have  isolated  in  the  form  of  slightly  impure 
salts  Tphosphate,  picrate  and  a  tetranitroaniline  compound)  a  substance  that  ap- 
pears without  doubt  to  be  the  true  active  principle,  or  hormone,  of  the  posterior 
portion  of  the  pituitary  gland.  This  latter  substance  is  of  great  scientific  and 
practical  interest,  for  it  seems  exceedingly  probable  that  the  body  will  be  thor- 
oughly purified  and  identified  in  the  near  future.  It  is  veiy  likely  that  the 
substance  can  then  be  manufactured  synthetically  at  a  very  much  smaller  cost 
than  the  ordinary  commercial  pituitary  extracts  are  now  prepared.  Abel  and 
Nagayama  have  further  shown  that  histamine  and  also  the  second  depressor 
substance  discovered  by  them  are  not  specific  for  the  pituitary  gland,  but  can 
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be  readily  extracted  from  a  great  variety  of  other  tissues.  This  is  especially 
emphasized  in  another  paper  by  Nagayama"  in  which  he  shows  that  both  his- 
tamine and  a  histamine-like  depressor  substance,  which  is  apparently  identical 
with  the  second  depressor  body  obtained  from  infundibular  extracts,  can  readily 
be  isolated  from  the  ordinary  albumoses  and  so-called  peptones  of  commerce. 
The  authors  also  find  that  tryptic  digestion  of  infundibular  extracts  change  their 
blood-pressure  raising  action  into  a  depressor  one,  while  simultaneously  there  is 
a  i)rogressive  increase  in  the  bronchoconstrictor  action  in  decerebrate  cats.  This 
same  change  can  also  be  brought  about  by  mild  hydrolysis  with  acids.  Regard- 
ing the  chemical  properties  of  the  two  depressor  bodies  in  pituitary  extracts,  it 
seems  entirely  proved  that  one  is  histamine.  This  is  soluble  in  chloroform  and 
gives  the  Pauly  reaction  but  not  the  biuret  reaction,  while  the  second  histamine- 
like  depressor  substance  is  iiisoIt(b!c  in  chloroform,  but  is  soluble  in  95  per  cent 
ethyl  alcohol.  It  likewise  gives  a  positive  Pauly  but  negative  biuret  reaction. 
The  depressor  and  oxytocic  actions  produced  by  infundibular  extracts  in  which 
the  pressor  principle  has  been  destroyed,  is  estimated  to  be  caused  to  the  extent 
of  about  20  per  cent  by  histamine  and  80  per  cent  by  the  histamine-like  sub- 
stance. This  latter  substance  has  not  yet  been  isolated  in  an  absolutely  pure 
form,  but  it  seems  probable  that  this  will  be  effected  in  due  time. 

Regarding  the  pressor  principle,  which  presumably  represents  the  true  spe- 
cific hormone  of  the  posterior  portion  of  the  pituitary  gland  it  may  be  said  that 
this  substance  gives  both  the  Pauly  and  the  biuret  reactions.  The  phosphate 
salt  is  especially  adapted  to  chemical  tests.  Aqueous  solutions  of  either  the  pic- 
rate  or  the  phosphate  show  an  acid  reaction  toward  litmus,  which  indicates  that 
the  pressor  substance  is  a  very  weak  base.  Neither  salt  has  yet  been  obtained 
in  an  indubitably  crystalline  form,  and  hence  the  authors  cannot  be  sure  they  are 
dealing  with  a  single  chemical  individual.  When  the  substance,  in  the  form  of 
its  salts,  is  hydrolyzed  with  acids,  the  biuret  reaction  is  lost  entirely,  but  the 
Pauly  reaction  remains  unchanged.  Treatment  of  the  substance  with  acids  ap- 
parently gives  rise  to  a  certain  amount  of  histamine  and  also  of  the  histamine- 
like  depressor  substance. 

Pharmacologically  this  substance  raises  blood-pressure  in  a  decided  manner, 
while  its  oxytocic  action  is  many  times  more  powerful  than  that  of  histamine. 
In  fact  the  action  of  the  substance  on  the  uterus  of  the  guinea-pig  was  so  extra- 
ordinary that  the  authors  have  preferred  to  withhold  the  tracings  for  corrobora- 
tion in  experiments  to  be  carried  out  later.  It  is  of  great  significance  that  treat- 
ment of  this  substance  with  acids  produces  a  certain  amount  of  histamine  and 
a  larger  amount  of  the  histamine-like  depressor  substance,  while  at  the  same 
time  all  pressor  action  is  lost.  Other  physiologic  properties  which  these  sub- 
stances may  possess,  such  as  their  action  on  diuresis,  etc.,  have  not  yet  been 
studied.  But  the  vascular  constricting  substance  evidently  loses  its  pressor  action 
in  an  animal  after  a  few  intravenous  injections,  given  at  short  intervals  of  time. 
This  closely  resembles  the  blood-pressure  action  of  ordinary  commercial  pitui- 
tai7  extracts. 

A  feature  of  this  work  which  promises  to  yield  valuable  results  in  the  future 
is  the  introduction  of  the  use  of  tetranitroaniline, 
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in  the  isolation  and  purification  of  the  pressor  substance.  The  pressor  substance 
forms  a  condensation  product  with  the  tetranitroanihne  in  the  same  manner  as 
amino  acids  and  peptids  combine  with  p-  and  y-trinitro-toluene  as  shown  by  Bar- 
ger  and  Tutin.^  The  histamine  is  first  removed  from  the  crude  pituitary  extracts 
by  chloroform.  Certain  features,  however,  of  the  special  work  of  isolating  the 
pressor  substance  the  authors  have  preferred  to  subject  to  further  study,  as  they 
believe  that  their  present  methods  can  be  improved  upon  in  various  details. 

Regarding  the  exact  chemical  nature  of  the  pressor  .substances,  the  authors 
suggest  that  it  may  be  a  compound  in  the  nature  of  a  slightly  basic,  unstable 
peptamine,  or,  of  the  nature  of  a  relatively  simple  but  unstable,  peptid.  In  either 
case  they  assume  that  an  imidazol  ring  is  present. 
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American  Relief  Work  In  Vienna 
T  X  THE  Ma}^  first  number  of  the  iVeincr  Mcdi~inische  IVochenschrift  there 
-■-  appears  as  the  leading  article  an  appreciation  of  the  work  done  by  the  Amer- 
ican Food  Relief  Commission  in  Austria.  The  writer,  Dr.  Clemens  Pirquet, 
Professor  of  Pediatrics  in  the  Uni\ersity  of  Vienna,  does  not  hesitate  to  praise 
unqualifiedly  both  the  motives  under  which  the  work  was  begun,  and  the  re- 
sults that  have  been  accomplished. 

According  to  his  report,  the  representatives  of  our  government  first  under- 
took to  feed  the  starving  children  of  Austria  in  May,  1919.  The  work  was 
officially  inaugurated  on  June  2,  although  the  feeding  of  children  had  been 
commenced  as  early  as  May  26.  On  June  2,  there  were  six  food  stations  supplying 
nourishment  for  6,000  children.  One  month  later  the  daily  rationing  in  Vienna 
totaled  75,000  meals;  on  July  8,  95,000,  and  on  the  16th,  106,478.  Within  a 
month  and  a  half  the  objective  set  by  the  Relief  Commission  had  been  over- 
reached. The  distribution  of  food  through  Austria  was  proportioned,  50  per 
cent  to  Vienna,  16  per  cent  to  the  rest  of  Lower  Austria,  5  per  cent  for  Upper 
Austria,  2.5  per  cent  to  Salzburg,  5  per  cent  to  Tyrol,  2.5  per  cent  to  Vorarlberg, 
15  per  cent  to  Steiermark,  and  4  per  cent  for  Karnten.  In  all,  200,000  children 
were  cared  for  dailv.  By  autumn  the  maxium  number  had  been  increased  to 
218,000. 
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In  \'ienna  stations  were  established  in  former  palaces  and  castles,  in  build- 
ings previously  used  as  army  kitchens,  in  barracks,  kindergartens,  day  nurseries, 
hospitals,  convalescent  homes,  orphan  asylums,  etc.  The  largest  station  ulti- 
mately fed  13,000  children  daily.  Three  thousand  were  fed  daih'  in  recreation 
or  convalescent  camps,  10,000  in  institutions,  16,000  in  semi-institutions,  kinder- 
gartens, etc.,  and  76,000  in  the  large  general  kitchens.  The  greater  the  number 
fed  from  the  general  kitchens,  the  greater  was  the  assurance  that  only  those 
who  were  in  greatest  need  of  food  and  \\ho  were  least  able  to  obtain  it  were 
being  fed.  At  all  times  the  selection  of  children  for  feeding  has  been  based  upon 
their  physical  state  and  needs.  Hunger  and  want  among  the  older  members  of 
the  famil)-  could  play  no  role  in  selection,  neither  could  any  attempt  be  made  to 
relieve  these  others.  The  aim  of  the  work  was  to  feed  the  children  and  the  lines 
were  drawn  fast.     Nursing  mothers  were  fed  in  behalf  of  their  infants. 

Pressed  with  work  as  they  have  been,  the  distributors  lia\e  not  lost  sight  of 
the  human  side  of  life.  On  Christmas  14,000  kgm.  of  flour,  1700  kgm.  of  sugar, 
5000  cans  of  milk  and  750  kgm.  of  lard,  etc.,  were  converted  into  over  100,000 
Christmas  cakes.  These  were  distributed  at  nearly  200  points  in  the  citv  on 
Christmas  day. 

In  November  a  survey  was  made,  with  the  help  of  physicians,  of  the  schools 
of  Vienna,  to  discover  those  children  in  need  of  aid  who  had  not  as  yet  been 
cared  for  by  the  commission.  One  hundred  eighty-six  thousand,  six  hundred 
seventeen  children  were  examined,  of  whom.  96,789  were  severely  undernour- 
ished. 63,402  undernourished,  19.694  mildly  so,  and  6,732  not  undernourished. 
On  December  15,  all  children  who  had  been  receiving  food  for  more  than  eight 
v/eeks,  many  of  them  for  five  and  six  months,  were  discontinued,  to  make  place 
for  other  needy  ones.  A  similar  survey  and  redistribution  was  made  two  months 
later.  On  a  physician's  recommendation  any  child  would  be  replaced  in  the  re- 
lief list,  or  could  be  continued  a  longer  time.  According  to  the  November  sur- 
vey, 79,604  of  the  96,789  very  undernourished  children  received  help  from  the 
commis.sion,  42,264  of  the  63,402  undernourished,  and  11,952  of  the  19,647  mildly 
undernourished.     Twenty-three  thousand  eightv-six  were  not  fed. 

Some  idea  of  the  ill-fed  condition  of  Viennese  children  is  gained  when  we 
consider  that  in  a  sur\'ey  of  186,617,  In  twenty-one  districts  of  the  city,  the 
highest  per  cent  of  seriously  undernourished  was  63  in  district  13,  the  lowest,  31.1 
per  cent  in  district  three,  while  the  median  for  all  districts  was  48  per  cent. 

"German  Austria,  dying  under  the  difficult  burden  of  the  years  of  destruc- 
tion, was  in  the  list  of  those  countries  which  were  to  receive  the  singular  aid. 
truly  singular  in  that  it  happened,  unhoped  for  after  this  rage  of  hate,  that  even 
before  the  conclusion  of  peace  the  reconciling  hand  assisting  and  healing  the 
wounds  should  be  offered  to  the  enemy." 

This  appreciation  by  Dr.  Pirquet  written  to  the  physicians  of  Austria,  com- 
ing as  it  does  at  a  time  when  official  America  appai-ently  shamelessly  ignores  its 
share  of  the  burdens  of  humanity,  and  when  the  rest  of  us  consider  ourselves 
too  busy  or  are  too  indifferent  to  protest,  serves  to  remind  us  that  we  are  accom- 
plishing something,  if  not  all,  of  which  we  are  capable. 

—If.  r.  V. 
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Roentgenology  and   the  Internist 

IX  an  all  too  brief  discussion  of  the  value  of  the  x-ray  to  the  internist,  Dunn 
has  made  a  real  addition  to  medical  perspective,  or  perhaps  it  were  better  lo 
say  he  has  written  something  that  should  deepen  clinical  perspective.  He  calls 
attention  to  the  fact  that  the  roentgen  ray  reveals  only  variations  in  density; 
and  that  these  variations  are  the  results  of  pathologic  processes,  that  the  roent- 
gen methods  have  to  do  with  the  results  of  processes,  not  with  the  processes 
themselves.  Fluoroscopic  methods  on  the  other  hand  in  which  motions  are  visu- 
alized give  more  information  of  physiologic  trend.  So,  radiology,  just  in  so  far 
as  it  is  a  morphologic  method,  is  handicapped,  for  clinical  medicine  is  an  affair 
of  physiology,  that  is  to  say,  of  physics  and  chemistr}-,  not  one  of  morphology-. 
This  does  not  mean,  however,  that  radiology  is  not  valuable  for  the  internist, 
provided  that  it  is  not  abused.  The  reverse  is  true.  But  its  limitation  should  be 
appreciated  and  observed  by  radiologist,  clinician  and  patient.  Radiology  except 
as  it  may  make  an  absolute  diagnosis  is  an  adjunct,  a  part  of  a  clinical  examina- 
tion, just  as  is, urinalysis,  serologic  findings  and  many  other  procedures.  The 
term  .v-rav  diagnosis  is  widely  used.  These  various  proceedings  result  in  fiiid- 
ings  not  in  diai/noscs,  as  a  rule.  They  give  additional  facts,  which,  placed  to- 
gether with  other  facts,  make  it  jiossible  to  arrive  at  a  diagnosis.  The  finding 
of  an  enlarged  sella  turcica,  or  of  an  abnormal  shadow  in  a  lung,  is  an  important 
fact,  but  it  does  not  necessarily  reveal  the  morbid  physiolog\^  at  work,  and  it 
tells  nothing  of  the  correlated  processes  elsewhere  in  the  body.  The  roentgen 
ray  reveals  the  results  of  processes,  but  not  how  such  processes  came  into  being. 
A\  ith  respect  to  the  immediate  value  of  the  x-ray  in  making  medical  diagnoses, 
Dunn  has  this  to  say:  The  diagnosticians  "batting  average"  varies  in  direct  ra- 
tio to  the  number  and  efficiency  of  the  methods  he  employs  in  the  study  of  his 
cases.  One  of  these  methods  is  the  radiologic.  All  should  be  used,  and  as  Dunn 
infers,  radiolog}^  is  just  as  useful  and  should  he  used  with  almost  the  same  fre- 
quency as  is  urinalysis.  It  is  a  misfortune  that  in  too  many  instances  the  roent- 
gen ray  is  used  merely  when  it  is  expected  to  be  a  positive  factor  in  arriving  at  a 
•diagnosis.  The  value  of  negative  x-ray  findings  seems  to  be  much  neglected. 
When  a  patient  complaining  of  weakness,  of  rapid  heart  action,  and  of  loss  m 
-weight,  and  without  goitre,  gives  a  positive  von  Pirquet  and  slight  febrile  mani- 
festations, it  is  obviously  of  value  to  know  that  there  are  no  abnormal  shadows 
in  the  lungs.  The  differential  diagnosis  of  latent  pulmonary  tuberculosis,  from 
myocarditis,  endocarditis.  Graves'  disease,  latent  syphilis  and  neurasthenia  de- 
mands a  resort  to  all  diagnostic  methods  of  proved  worth.  It  is  just  in  this  most 
•difficult  class  of  cases  that  disturbances  in  lung  and  mediastinal  densities  are 
most  often  of  crucial  importance  in  determining  the  conditions  at  work  and  it 
is  the  experience  gained  by  the  routine  use  of  the  roentgen  method  that  stands 
one  in  stead  when  the  problems  grow  difficult. 

In  estimating  the  position  that  the  x-ray  takes  in  his  own  work,  Dunn  says 
that  it  gives  him  decisive  information  in  about  one  case  in  twenty,  exclusive  of 
examination  of  the  teeth.  He  estimates  that  the  routine  use  of  the  method  would 
add  from  five  to  ten  per  cent  to  a  good  diagnostician's  efficiency. 
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Finally  Dunn  insists  that  radiolog}'  should  be  practised  by  specialists,  and 
that  their  duty  in  diagnosis  shall  be  confined  to  collecting  data — diagnostic  sug- 
gestions— to  be  added  to  the  other  clinical  findings. 


REI-ERENCE 
Dunn  :     Jour,  of  Roentgenology,  Sept.,  1919. 


—P.  G.  IV. 


Are  There  Two  Diseases  Included  Under  the  Present  Diagnosis  of 

Smallpox  ? 

STUDENTS  of  the  history  of  infectious  diseases  have  long  suspected  that 
under  the  diagnosis  of  smallpox  we  include  two  closely  related  but  dififerent 
diseases — the  Asiatic  and  the  African  varieties.  That  smallpox  existed  in  India 
in  the  third  century  B.  C.  is  shown  by  some  of  the  medical  writings  of  that 
period.  There  were  special  prayers  which  were  repeated  by  the  Brahmin  priests 
while  performing  the  operation  of  inoculation  for  this  disease.  That  smallpox 
existed  in  Egypt  even  at  a  remote  period,  as  early  as  1200  b.  c,  has  been  shown 
by  Ruffer  and  Ferguson  from  eruptions  found  on  the  skin  of  a  mummy  belonging 
to  that  period.  So  far  as  epidemiologists  are  able  to  trace  the  Asiatic  variety 
it  spread  from  India  into  China  and  then  gradually  westward  into  Asia  Minor. 
We  would  know  but  little  about  smallpox  during  the  ninth  and  tenth  centuries 
were  it  not  for  the  writings  of  Arabian  physicians.  Apparently,  it  took  centuries 
for  Asiatic  smallpox  to  travel  from  eastern  India  and  China  to  Turkey  in  Europe. 
Whether  the  smallpox  that  finally  spread  over  Europe  came  from  Egypt  or  from 
Asia  is  a  matter  of  speculation.  Moreover,  Egyptian  smallpox  may  have  been 
identical  with  the  Asiatic  form  of  the  disease,  and  still  there  might  have  been 
an  Ethiopian  variety  which  was  not  known  to  the  white  man  until  com[)aratively 
recent  years.  During  the  entire  history  of  smallpox  severe  and  mild  epidemics 
.have  occurred  not  only  in  different  localities,  but  in  the  same  locality  at  different 
times.  Under  the  name  "alastrim"  or  "Kafir  milkpox,"  Castellani  and  Chalmers^ 
recognize  the  African  or  mild  form  of  smallpox.  Concerning  its  causation  and 
nature,  these  authors  make  the  following  statement: 

"The  causation  would  appear  to  be  the  same  as  ordinary  small|i(>x,  hut  it  is 
generally  agreed  that  Jenner's  vaccination  is  protective,  and  Guarnieri  bodies  have 
been  found,  and  the  classical  reaction  in  the  inoculated  cornea  of  the  rabbit  has 
been  produced;  after  sixty  hours  the  Guarnieri  bodies  have  been  recovered  from 
the  cornea,  but  it  would  appear  to  be  due  to  an  attenuated  virus.  The  question 
which  has  been  much  debated  is  whether  it  is  smallpox,  chickenpox,  or  a  new 
disea.se  halfway  between  the  two." 

Schamberg^  states  that  "alastrim"  apparently  first  appeared  in  this  country 
in  Florida  in  1896.  He  rejects  the  idea  that  it  was  imported  from  Cuba  in  1898. 
He  states  that  the  period  of  incubation  is  longer  than  that  of  normal  smallpox, 
being  from  fourteen  to  eighteen  days.  The  initial  stage  is  so  mild  that  evidences 
oi  illness  are  not  recognized  even  by  the  patient  himself.  The  same  author  con- 
tinues by  saying  that  in  this  country  hundreds  of  thousands  of  cases  have  de- 
veloped and  the  disease  has  continued  to  maintain  its  mild  character  and  is  not 
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reverting  to  the  normal  virulence  of  classical  smallpox.  "Two  phenomena  of  im- 
portance stand  out  in  connection  with  this  type  of  smallpox:  (1)  The  disease 
occurs  almost  exclusively  among  the  unvaccinated ;  a  single  vaccination,  no 
matter  how  remotely  performed,  is  protective  in  the  vast  majority  of  instances. 
Negroes  vaccinated  during  the  Civil  War,  living  in  the  same  household  with 
persons  suffering  with  this  disease,  were  completely  protected  over  forty  years 
later.  This  is  a  common  circumstance.  In  Carbondale,  Pa.,  in  1912,  ninety-six 
out  of  ninety-seven  patients  who  took  this  type  of  smallpox  were  unvaccinated, 
and  there  was  some  doubt  about  the  vaccinal  condition  of  the  remaining  patient. 
The  patients  who  are  immune  against  this  type  of  smallpox  are  not  necessarily 
immune  against  smallpox  of  normal  virulence.  (2)  As  has  been  stated,  the  symp- 
tomatolog}'  of  this  affection  is  mild  and  the  disease  is  accompanied  by  a  verj'  low 
mortality,  varying  from  one-half  to  two  per  cent.  In  the  epidemic  referred  to  in 
Carbondale,  Pa.,  there  were  no  deaths.  At  the  same  time,  smallpox  of  European 
importation  was  prevalent  in  Pittsburgh,  Pa. ;  there  were  one  hundred  fourteen 
cases  with  thirty-one  deaths,  a  mortality  of  twenty-seven  per  cent.  We  note, 
therefore,  that  the  disease  is  characterized  by  a  mild  symptomatolog)'  and  a  mild 
infectivity.  As  to  the  cause  of  this  deviation  from  classic  smallpox  no  definite 
statement  can  be  made.  Doubtless,  as  a  result  of  some  unknown  cause,  the 
parasite  which  produces  this  disease  was  attenuated  in  virulence ;  the  phenomenon 
is  what  biologists  would  call  a  'sport.'  Whether  or  not  this  type  of  smallpox 
will  continue  to  retain  its  present  mild  form  no  one  can  predict.  It  is  possible 
that  at  some  future  time  it  may  revert  to  the  usual  virulence  of  the  disease." 

Recently  Allingham'  has  reported  three  cases  of  modified  smallpox,  with 
the  following  remarks : 

"Reviewing  these  cases,  which  occurred  without  any  history  of  exposure  to 
smallpox,  the  diagnosis  of  chickenpox  on  the  first  rash  was.  in  my  opinion, 
reasonable,  and  it  was  only  after  the  first  patient  developed  a  secondary  rash 
that  I  decided  to  isolate  the  subsequent  cases  at  an  early  date.  It  might  be  wise 
to  insist  on  isolation  of  chickenpox  for  the  first  ten  days." 
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The  Life-History  of  the  First  Case  of  Myxedema  Treated  by 
Thyroid  Extract 

MURRAY,^  after  studying  the  effects  produced  by  the  entire  removal  of  the 
thyroid  gland  by  Horsley  in  animals,  determined  in  1891  to  treat  myxedema 
with  an  extract  of  these  glands.  The  first  patient  upon  whom  this  experiment 
was  made  was  at  that  time  a  woman  of  forty-six  years  of  age.  Her  condition 
was  as  follows : 

"She  complains  of  languor,  a  disinclination  to  see  strangers,  and  great  sensi- 
tiveness to  cold.     The  temi)erature  is  subnormal,  and  varies  between  95.6°  and 
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97.2°  in  the  mouth.  The  pulse  varies  between  60  and  70.  The  face  is  blank  and 
expressionless  and  the  features  are  notably  thickened.  This  change  is  well  seen 
in  the  alae  nasi  and  lips.  The  subcutaneous  connective  tissue  of  the  eyelids  is  so 
swollen  that  she  finds  it  difficult  to  look  upwards.  There  is  also  considerable 
swelling  beneath  the  eyes  and  of  the  cheeks.  The  hands  and  feet  are  both  en- 
larged; the  former  have  that  peculiar  shape  which  has  been  described  as  spade- 
like.  The  skin  is  ver}'  dry,  there  is  no  perspiration,  and  the  superficial  layers  of 
the  epidermis  are  continually  being  shed  as  a  fine  white  powder.  The  hair  is 
very  fine  in  texture,  and  a  considerable  quantity  of  it  has  been  lost.  She  is  slow 
in  answering  questions ;  all  her  actions  are  slow  and  are  performed  with  difficulty. 
The  speech  is  remarkably  slow  and  drawling  and  the  memory  is  bad.  No  thyroid 
gland  can  be  felt  in  the  neck.    The  urine  contains  no  albumin  or  sugar." 

Murray  prepared  and  administered  a  glycerin  extract  of  the  thyroid  gland 
of  a  sheep,  and  three  months  later  the  condition  of  the  woman  is  described  as 
follows : 

"The  swelling  has  gradually  diminished,  and  has  practically  disappeared 
from  the  backs  of  the  hands,  the  skin  over  them  being  now  loose  and  freely 
movable.  The  lips  are  much  smaller.  The  swelling  of  the  upper  eyelids  has 
diminished  so  much  that  she  can  look  upwards  quite  easily.  The  swelling  be- 
neath the  eyes  and  of  the  cheeks  has  also  much  diminished.  The  face  conse- 
quently, as  a  whole,  has  greatly  improved  in  appearance  and  has  much  more  ex- 
pression, as  many  of  the  natural  wrinkles,  especially  about  the  forehead,  have 
returned.  The  speech  has  become  more  rapid  and  fluent,  the  drawl  being  scarcely 
noticeable  at  the  present  time.  She  answers  questions  much  more  readily,  the 
mind  has  become  more  active,  and  the  memory  has  improved.  She  is  more 
active  in  all  her  movements,  and  finds  that  it  requires  much  less  effort  than  for- 
merl_\-  to  do  her  housework.  She  now  walks  about  the  streets  without  any 
hesitation  without  a  companion.  She  has  menstruated  normally  during  the  last 
six  weeks  at  the  regular  interval.  For  the  last  four  weeks  the  skin  has  been  much 
less  dry  and  she  perspires  when  walking.  The  hair  remains  as  before.  She  is 
no  longer  so  sensitive  to  cold.  Unfortunately,  owing  to  circumstances  a  daily 
record  of  temperature  has  not  been  kept,  but  out  of  four  observations  that  have 
been  made  lately,  about  1 1  a.m.,  three  times  the  temperature  has  been  98.2°  and 
once  97.4°." 

For  some  time  the  thyroid  extract  was  admini.stered  at  intervals  of  two  weeks 
subcutaneously  twenty-five  minims  at  a  time,  although  during  the  first  three  or 
four  weeks  this  amount  was  given  twice  a  week.  After  Mackenzie  had  shown 
in  1892  that  administration  by  mouth  accomplishes  the  same  purpose,  this  woman 
took  ten  minims  by  the  mouth  six  nights  out  of  each  week.  In  1918  when  it  be- 
came difficult  to  fjbtain  glycerin  extract  she  was  fed  on  thyroid  tablets.  This 
woman  continued  in  most  excellent  health  until  early  in  1919  when  she  developed 
edema  of  the  lower  extremities  and  died  in  May  of  that  year  at  the  age  of  seventy- 
four  from  cardiac  failure.  During  the  twenty-eight  years  Murray  computes  that 
this  woman  consumed  over  nine  pints  of  liquid  thyroid  extract  or  its  equivalent 
prepared  from  the  thyroid  glands  of  more  than  870  sheep. 

—V.  C.  V. 
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The  Dietetic  Treatment  of  Diabetes  Mellitus 

ILLIAMSOX^  advises  complete  rest  for  a  period  of  seven  days.  The 
patient  need  not  remain  in  bed,  but  he  should  keep  the  prone  position  during 
this  time.  The  only  food  permitted  during  the  seven  days  is  a  mixture  of  casein, 
cream  and  water,  given  ever}'  two  hours  from  8  a.m.  to  10  p.m.  If  casein  is  not 
obtainable  in  good  qualit)'  the  following  prescription  may  be  employed  in  its 
stead:  Three  eggs  are  beaten  up  with  three  ounces  of  cream  in  a  little  water. 
More  water  is  added  gradually  until  the  mixture  measures  four  pints.  Of  this 
mixture  the  patient  takes  half  a  pint  every  two  hours  from  8  a.m.  to  10  p.m.  In 
addition  he  may  take  coffee  or  tea  at  8  a.m.  and  4  p.m.  and  a  half  pint  of  warm 
beef  tea  at  noon,  6  p.m.  and  10  p.m.  No  bread,  no  meat,  and  no  other  foods  are 
permitted  during  this  period.  According  to  Williamson  glycosuria  promptly  dis- 
appears in  suitable  cases  under  this  diet,  and  at  the  end  of  the  seven  days  a  solid 
diet  containing  a  calculated  amount  of  carbohydrate  is  given.  If  sugar  returns, 
as  it  ma}'  after  a  long  period,  the  liquid  diet  is  again  instituted  for  a  period  of 
seven  days.  In  some  instances  it  has  been  found 'more  convenient  to  place  the 
patient  upon  the  liquid  diet  two  days  out  of  every  week,  while  during  the  remain- 
ing five  a  small  quantity  of  bread  or  other  carbohydrate-containing  food,  as  well 
as  meat,  may  be  permitted.  Williamson  admits  that  this  form  of  treatment  fails 
in  some  cases  and  that  it  is  without  avail  when  ihere  is  marked  acidosis.  Most 
patients  take  the  egg  and  cream  diet  for  seven  days  quite  satisfactorily.  Some 
state  that  they  feel  remarkably  wellon  it;  others  feel  rather  weak;  only  rarely 
do  the  patients  complain  of  slight  sickness,  and  in  such  cases,  if  casein  iias  been 
emploved,  eggs  should  be  substituted. 

_F.  C.  V. 


Influenza  Among  the  Lapps 

M.\CKLIX-  was  with  the  British  Forces  in  northern  Russia  during  the  in- 
fluenza epidemic  of  1918  and  was  sent  to  investigate  this  disease  among 
the  Laplanders.  Unfortunately,  he  is  not  able  to  give  us  any  data  of  scientific 
value,  however  interesting  his  report  may  be.  He  states  that  these  people  dealt 
with  their  sick  in  a  very  unsympathetic  way.  A  single-room  hut  was  selected  in 
each  village  and  into  this  each  patient  as  he  came  down  with  the  disease  was  un- 
ceremoniously pushed  and  no  one  was  permitted  to  return  to  his  own  hut  until 
completely  recovered.  This  might  be  properly  designated  as  a  detention  hospital. 
Whilst  in  the  hospital  patients  received  practically  no  attention  and  no  healthy 
person  ever  entered  the  hut  occupied  by  the  sick.  Occasionally  a  bowl  of  water 
or  reindeer  milk  was  hastily  passed  in  at  the  door  or  a  huge  chunk  of  reindeer 
meat  thrown  in  uncooked  and  uncarved.  The  patients,  consisting  of  both  sexes 
and  all  ages,  soiled  with  their  own  excretions,  were  crowded  in  the  hut,  and  often 
the  dead  mingled  with  the  living.  Fortunately,  constipation  seemed  a  constant 
factor  and  in  many  cases  there  was  no  movement  of  the  bowels  for  seven  or 
more  days. 


^British   Medical  Journal,  March  20,   1920. 
^British   Medical  Journal.  April   3,   1920. 


58  THE    JOURN'AL    OF    LABORATORY    AND    CLINICAL    MEDICINE; 

The  English  Medical  Officer  was  able  to  supply  at  least  some  of  these  peo- 
ple with  more  appetizing  food,  but  this  was  about  all  that  could  be  done.  Bed- 
bugs swarmed  over  the  sick,  dying,  and  dead  in  these  huts,  but  Macklin  saw  no 
other  body  parasite  among  the  Laplanders,  either  well  or  sick.  He  guesses  that 
about  fifty  per  cent  of  all  the  cases  of  influenza  terminated  fatally. 

—V.  C.  V. 
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HEMOSTATIC  AGENTS  AND  THE  SPONTANEOUS  CHANGES  IN 
COAGULATION  TIME   FOLLOWING  HEMORRHAGE* 

By  p.  -J.  Haxzlik.  M.D.,  Cleveland,  Ohio 


T  X  a  recent  mimber  of  this  .Journal,  (February.  1920,  Xo.  5,  p.  574)  H.  C. 
J-  Hamilton,  of  Parke,  Davis  &  Co.,  describes  what  he  considers  a  superior 
method  for  testing  hemostatic  products,  namely,  observations  on  coagulation 
time  of  blood  before  and  after  intravenous  injection.  As  he  points  out,  the 
principle  of  this  method  has  been  tried  by  us  in  our  Avork  on  the  general  sub- 
ject of  the  comparative  hemostatic  efficiency  of  thromboplastic  agents.  The 
experiments  that  we  had  tried  according  to  this  principle,  and  which  we  de- 
scribed briefly  in  that  paper,  led  us  to  the  conclusion  that  this  principle  is 
not  usable. 

Hamilton  considers  that  our  results  were  unusual  and  exceptional,  and 
thinks  that  they  can  oiily  be  explained  by  large  hemorrhage,  which  he  as- 
sumed to  have  occurred.  In  this  he  was  mistaken.  The  quantities  of  blood 
that  were  withdrawn  were  about  4  c.e.  at  a  time. 

In  view  of  this  misunderstanding,  it  is  well  to  give  further  details  that 
Avere  omitted  from  our  original  paper,  because  we  considered  them  suffi- 
cienth-  implied  in  the  data  given.  Dogs  were  used.  These  were  previously 
morphinized,  then  etherized,  placed  on  an  operating  table,  and  connected 
from  the  left  carotid  artery  to  an  ordinar.v  mercury  manometer  for  recording 
changes  in  blood  pressure,  which  was  observed  as  the  hemorrhages  were  con- 
tinued, and  subsequently  during  the  injection  of  peptone.  An  ordinary  glass 
cannula  was  tied  in  the  left  femoral  artery  for  making  the  interrupted  hem- 
orrhages. A  .small  serrefine  clip  was  placed  on  the  vessel  central  to  the  can- 
nula.   When  the  hemorrhages  were  made,  the  clip  was  loosened  and  1  to  2  c.e. 
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of  blood  were  allowed  to  escape  into  small  vials  of  4.5  cm.  length  and  1.2  cm.  in 
diameter  and  with  straight  sides.  Duplicate  tests  were  made  requiring  the  with- 
drawal of  about  4  c.c.  of  blood  at  most  into  the  vials  plus  the  small  quantity  of 
blood  left  behind  in  the  cannula.  The  vials  were  placed  into  a  rack  and  allowed 
to  stand  at  room  temperature  without  further  disturbance  except  for  a  slight 
and  gentle  tilting  everj'  15  seconds  to  see  whether  the  blood  still  flowed.  If  a 
movement  of  the  meniscus  was  discerned  the  vials  were  replaced,  but,  if  this 
was  absent,  the  vials  were  completely  inverted.  Complete  invertability  with- 
out loss  of  contents  constituted  the  endpoint  of  coagulation.  In  several  in- 
stances it  was  possible  to  invert  the  vials  without  loss  of  contents  almost  im- 
mediately after  completion  of  the  hemorrhage,  or  in  about  10  seconds,  which 
was  the  shortest  time  in  which  all  movements  used  in  the  procedure  could  be 
executed.  At  times  the  rapidity  of  clotting  was  indeed  remarkable.  We  did 
not  record  the  exact  or  even  approximate  percentages  of  loss  of  blood  under 
the  conditions  of  our  experiment.  What  this  was  we  do  not  know,  but  the 
absolute  quantity  of  blood  withdrawn  at  a  given  moment  was  small. 

The  results  of  the  four  experiments  (see  Table  5,  page  205,  paper  by 
Hanzlik  and  Weidenthal;  Jour.  Pharm.  Exper.  Therap.,  1919,  xiv,  189)  per- 
formed by  us  showed  the  coagulation  time  to  be  invariably  and  markedly 
shortened  as  the  hemorrhage  progressed.  In  two  of  the  animals,  after  the 
interrupted  hemorrhages  had  been  continued  for  some  time,  the  coagulation 
time  was  somewhat  prolonged,  though  it  was  still  shorter  than  the  coagula- 
tion time  accompanying  the  first  bleedings.  Obviously,  such  results  can  in- 
spire no  confidence  in  the  use  of  the  method.  Therefore,  we  still  feel  justified 
in  suspending  our  work  at  this  point,  and  in  this  w^e  are  sustained  by  some 
experiences  of  Professor  Howell,  who  states  as  follows  on  page  297  of  his 
Hai'vey  Lecture  for  1916-17  concerning  his  results  with  the  intravenous  and 
other  methods  of  administering  cephalin  to  dogs:  "I  have  made  a  large 
number  of  experiments  on  dogs  in  which  cephalin  in  aqueous  solution  Avas 
injected  intravenously,  intraperitoneally  or  subcutaneously  or  finally  was  fed 
by  mouth.  The  results  of  these  experiments  have  not  been  published  since 
they  showed  many  irrerjularlties  [italics  mine]  that  will  require  further  ex- 
perimentation to  explain." 

Hamilton  cites  the  experiments  of  Drinker  and  Drinker  {Ainer.  Jour. 
Physiol.,  1915,  xxxvi,  305,  and  not  1915,  xxxviii,  233  as  given  by  Hamilton) 
quoted  by  Howell,  whom  we  quoted  correctly  though  credited  erroneously, 
tliat  hemorrhage  itself  shortens  coagulation  time.  Hamilton  interprets  the 
loss  of  blood  during  the  hemorrhages  in  the  experiments  of  Drinker  and 
Drinker  as  "an  approximate  loss  of  20  per  cent  of  blood  at  one  time,  at  an- 
other 33  per  cent,"  but  I  am  at  a  loss  to  find  any  such  calculations  in  their 
paper,  nor  was  it  the  object  of  these  authors  to  study  especially  the  relation 
of  quantity  of  blood  lost  to  the  shortening  of  coagulation  time.  ^Moreover, 
the  experiments  of  Drinker  and  Drinker  were  made  on  cats  and  rabbits,  while 
our  experiments  were  made  on  dogs,  which  precludes  the  possibility  of  mak- 
ing strict  comparisons.  It  is  a  familiar  and  old  observation  that  progressive 
bleeding  shortens  the  coagulation  time  of  blood.  For  instance.  Gray  and 
Lunt    {Amer.  Jour.  Physiol.,  1914,  xxxiv,  332)    cite  no  less  than  12  investi- 
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gators  'ivlio  have  beeu  eoiieerued  with  this  iDrolilein  under  various  eouditions, 
including  very  small  capillary  hemorrhages  as  from  finger  puncture  to  very 
large  hemorrhages  in  animals  and  those  accompanying  surgical  operations 
on  human  individuals.  "Whatever  the  cause  of  this  phenomenon  maj^  be,  it 
is  obviously  a  rather  variable  function,  and  to  make  iise  of  a  method  in 
which  this  occurs  and  pi'opose  it  as  a  method  of  bio-assay  for  thromboplastic 
agents  as  Hamilton  does  is  attempting  more  than  wo  would  be  justified  in 
doing. 

On  the  contrary,  Hamilton's  results  seem  to  us  exceptional  and  to  re- 
quire further  explanations.  Two  of  these  occur  to  iis:  (1)  Selection  of 
data  and  (2)  manipulation  of  the  clot.  Hamilton  apparently  obtains  his 
results  by  a  process  of  selection  which  appears  to  us  as  questionable,  for 
he  states  as  follows  on  page  578  of  his  paper:  "Animals  have  been  rejected 
for  testing  purposes:  (1)  Because  of  having  too  short  a  coagulation  time: 
it  should  not  be  less  than  6  minutes.  (2)  Becaiise  of  some  unrecognized 
factors  which  influence  the  coagulation  time  before  the  agent  is  admin- 
istered. A  shortened  coagulation  time  on  the  second  sample  of  blood  to 
one-third  that  of  the  first  sample  was  once  observed  when  not  more  than 
10  c.c.  had  been  withdrawn  from  a  12  kgm.  dog.  (3)  Because  of  failing  to 
react  to  an  active  sample  of  coagulant,  whose  potency  had  been  demon- 
strated on  2  test  animals."  I  doubt  the  vdtimate  value  of  conclusions  ob- 
tained by  rejecting  systematically  any  results  which  do  not  fit  into  a 
preconceived  scheme. 

Undue  disturbance  of  the  blood  in  the  vials  prolongs  the  clotting  time 
and  may  even  inhibit  the  process  of  coagulation.  Hamilton  says  on  page 
577  of  his  paper  in  this  Journal,  1920,  v,  574:  "One  must  be  careful  that 
an  apparently  firm  clot  is  not  due  to  a  skin  over  the  surface  below  which 
the  blood  is  fluid,"  an  inference  by  which  he  apparently  justifies  the  fol- 
lowing interference  with  the  clotting  process  as  indicated  in  a  previous 
paper  by  him  (see  page  122,  Jour.  Am.  Fharm.  Assn.,  1920,  ix,  118)  when  he 
advises  that  "This  should  lie  broken  so  that  correct  observations  can  be 
made." 

Until  these  criticisms  are  more  satisfactorily  explained  we  consider 
ourselves  justified  in  having  stopped  further  work  with  this  method  and 
we  adhere  to  our  former  view,  that  the  method  employed  by  Hamilton, 
namely,  testing  of  hemostatics  on  coagulation  time  before  and  after  intra- 
venous injection  of  these,  does  not  justify  conclusions  as  to  comparative 
hemostatic  efficiency  of  thromboplastic  agents;  and  that  the  methods  se- 
lected by  us  did  justify  us  in  concluding  that  hemostatic  serum  is  inert  as 
an  accelerator  of  coagulation  of  blood  and  plasma  in  viiro,  and  as  a  hemo- 
static in  vivo. 
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THE  recent  introduction  of  benzyl  benzoate  to  the  Medical  j)rofession,  and 
the  apparently  increasing  demand  for  the  substance  have  led  us  to  under- 
take the  present  studj-  in  the  hope  of  adding  some  further  contribution  to  our 
I^nowledge  of  the  pharmacologic  action  of  the  body.  With  reference  to  this 
type  of  benzyl  derivatives  it  has  already  been  stated  by  Maeht  that  "inas- 
much as  they  are  i^ractieally  insoluble  in  water,  pharmacologic  experiments 
with  them  could  not  be  performed  on  isolated  tissue  in  vitro  except  under 
special  conditions."  We  have,  of  course,  been  confronted  with  this  difficulty 
in  carrying  out  the  present  experiments  which  have  been  performed  entirely 
on  the  intact  animal,  since  Maeht, ^  in  his  splendid  work  on  this  subject,  has 
probably  done  all  that  would  yield  valuable  information  through  working 
with  isolated  tissues. 

Three  different  preparations  were  used  in  the  course  of  this  work.  They 
were  sold  by  the  following  firms:  Hynson,  Westcott  and  Dunning,  Baltimore; 
The  Norwich  Pharmacal  Co.,  Norwich,  New  York;  and  Van  Dyke  and  Co., 
New  York.  These  three  preparations  varied  somewhat  in  toxicity,  and  con- 
siderably in  their  property  of  remaining  in  solution.  However,  the  phar- 
macologic effects  produced  were  quite  the  same.  By  testing  the  action  on 
drawn  blood  we  found  that  these  commercial  20  per  cent  preparations  exer- 
cised a  pronounced  action  on  the  drawn  blood,  and  for  that  reason  we  have 
used  the  20  per  cent  preparations  diluted  with  an  equal  volume  of  water.  We 
found  this  10  per  cent  dilution  very  satisfactory  for  intravenous  injection. 
In  many  of  our  records  the  term  "saturated  water  emulsion"  is  used  and  is 
not  technically  correct,  but  refers  to  the  10  per  cent  solution  just  described. 
In  the  recent  medical  literature-  a  considerable  number  and  variety  of 
clinical  conditions  are  described  as  having  been  benefited,  often  in  a  very 
striking  manner,  by  the  use  of  the  benzyl  esters.  Among  these  conditions  may 
be  mentioned  (1)  excessive  peristalsis  of  the  intestine,  as  in  diarrhea  and 
dysentery,  (2)  intestinal  colic  and  enterospasm,  (3)  pylorospasm,  (4)  spastic 
constipation  in  which  there  was  a  tonic  spastic  condition  of  the  intestine,  (5) 
biliary  colic,  (6)  ureteral  or  renal  colic,  (7)  vesical  spasm  of  the  urinary  blad- 
der, (8)  spasmodic  pains  originating  from  the  contraction  of  the  seminal  vesi- 
cles, (9)  uterine  colic,  (10)  arterial  spasm,  including  hypertension  or  high 
blood  pressure,  (11)  bronchial  spasm.  It  has  been  our  aim  in  this  study  to 
shed  some  light,  if  possible,  on  the  mechanism  by  Avhieh  these  conditions  are 
relieved,  and  to  ascertain  the  concentration  of  the  drug  in  the  blood  necessary 
to  produce  the  desired  results. 
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It  will  be  noted  that  the  first  four  clinical  conditions  listed  above  refer 
to  increased  aetivitj-  or  increased  tonus  of  the  intestinal  tract.  We  have  there- 
fore felt  it  desirable  to  study  the  nature  of  the  relaxation  produced  by  the 
benzyl  benzoate  in  these  conditions.  Fig.  1  shows  the  respiration,  right  carotid 
pressure  and  pylorus  contractions  in  a  dog  weighing  13  kilos.  Near  the  be- 
ginning (left)  of  the  tracing  2  c.c.  of  benzyl  benzoate  solution  was  injected  into 
the  femoral  vein.  This  produced  no  appreciable  change  in  the  rate  or  ampli- 
tude of  either  the  pyloric  contractions  or  the  respiration.     There  is  perhaps 


a  slight  change  in  the  blood  pressure  tracing.  Following  this  4  c.c.  of  the 
benzyl  benzoate  solution  was  injected  and  this  produced  a  depression  of  the 
resi)iration,  an  obvious  fall  in  blood  pressure  and  perhaps  a  very  slight  in- 
liibitory  effect  on  the  pj-loric  contractions.  An  injection  of  1  c.c.  of  adrenaline 
(1-10,000)  was  now  given  as  a  check  on  the  technic  of  the  experiment.  This 
produced  a  very  obvious,  but  rather  brief,  inhil)ition  of  the  pyloric  contrac- 
tions. When  the  animal  again  returned  td  noniiiil  ;i  further  injection  of  6  c.c. 
of  benzyl  benzoate  was  given.     After  a   brief  interval  this  dosage  produced 
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complete  relaxation  of  the  pylorus,  but  simultaneously  it  caused  the  death  of 
the  animal,  apparently  by  central  respiratory  paralysis.  This  tracing-  shows 
very  well  the  progressive  effects  of  small,  medium  and  large  doses  of  the  drug. 
The  marked  slowing  of  the  heart  following  the  4  c.c.  injection  should  be  noted. 
In  order  to  get  further  information  regarding  the  action  of  the  drug  on 
the  intestinal  walls  we  carried  out  a  series  of  experiments  as  illustrated  in 
Fig.  2.  In  this  case  a  small  rubber  balloon  (finger  cot)  filled  with  water  was 
placed  within  the  intestinal  lumen  and  connected  by  rubber  tubing  with  a 
Inirette  which  carried  a  stopper  in  the  upper  end.    From  the  stopper  a  rubber 


tube  led  to  the  recording  tambour.  The  water  tilled  the  balloon  and  reached 
about  two  inches  up  in  the  burette,  the  tipper  part  of  which  was  filled  with 
air.  Thus  contractions  which  lessened  the  lumen  of  the  intestine  caused  the 
writing  point  of  the  tambour  to  rise,  and  relaxation  of  the  gut  showed  a  fall 
in  the  kymograph  tracing.  In  the  beginning  a  small  dose  (1/2  c.c.  of  .5  per  cent 
solution)  of  barium  chloride  \vas  injected  to  stir  up  marked  contractions  of 
the  intestine.  The  marked  rise  in  tone  of  the  intestine  is  well  shown  in  the 
tracing.  When  the  circular  musculature  of  the  gut  was  well  contracted  an 
injection  of  2  c.c.  of  benzyl  benzoate  was  given.     This  depressed  the  respira- 
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tion  and  slightly  lowered  the  blood-pressure,  but  produced  no  immediate 
chauo'c  in  the  tone  of  the  intestine.  After  an  interval  of  about  one  minute, 
however,  there  occurred  a  relaxation  of  tlie  intestine  and  at  this  point  a 
further  injection  of  2  e.e.  of  the  drug  was  given.  This  apparently  slightly  in- 
ci-eased  the  tonus  of  the  intestine  and  was  followed  by  a  series  of  small,  irregu- 


lar contractions.  As  a  check  on  llic  Icclmir  of  the  experiment  an  iujeetion  of 
V2  C-C.  of  adrenalin  was  finally  given.  Tiiis  produced  an  immediate  and  com- 
plete relaxation  of  the  gut.  It  will  be  noted  that  the  second  injection  of 
benzyl  benzoate  greatly  depressed  the  respiration,  but  both  injections  of  ben- 
zyl benzoate  taken  together  wore  very  much  less  effective  in  lowering  the  tone 
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of  the  intestinal  musculature  than  was  the  i;.  c.e.  of  1-10,0{)()  adrenaline  sdIu- 
tion. 

The  injection  of  a  sufficiently  laro-e  dose  of  benzyl  benzoate  is  followed  bv 
a  prompt,  pronounced  and  prolono-ed  fall  of  blood  pressure.    From  the  nature 


of  tlie  l)lood  pressure  curve  produced,  we  early  conceived  the  idea  that  the 
heart  played  an  important  part  in  this  lowering  of  the  arterial  tension.  Fig.  3 
shows  a  tracing  taken  directly  from  the  heart  (upper  curve;  myocardiograph) 
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and  tlie  riglit  carotid  pressure  tracing.  It  will  he  noted  that  2  c.c.  of  henzyl 
henzoate  gave  little  or  no  change,  but  that  4  e.c.  produced  the  characteristic 
fall  in  blood  pressure.  It  is  obvious  that  this  fall  in  pressure  is  closely  associ- 
ated with  the  changes  in  the  amplitude  and  force  of  the  heart  beat.  But  in 
order  to  analyze  this  point  still  further  we  present  Fig.  4  in  which  the  di'uni 


was  made  to  revolve  mucli  more  rapidhi  than  in  Pig.  3.  Fig.  4  shows  that  3 
c.c.  of  the  drug  was  followed  by  a  fall  in  blood  pressure,  but  that  the  heart 
at  the  same  time  became  weak  and  after  an  interval  came  near  stopping  in 
diastole.  After  a  prolonged  series  of  feeble,  irregular  beats,  however,  the  heart 
again  recovered  .slightly,  and  the  blood  pressure  finally  became  somewhat  more 
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regular.  These  changes  in  the  blood  pressure  are  obviously  due  to  a  Meaken- 
ing  action  of  the  drug  on  the  heart.  It  should  be  noted  that  this  animal  was 
receiving  artificial  respiration. 

Fig.  5  shows  the  action  of  benzyl  benzoate  on  the  respiration,  spleen  volume 
and  blood  pressure  of  a  dog  weighing  6.5  kilos.  In  order  to  produce  a  tonus  in 
the  spleen  an  injection  of  1  e.c.  of  .5  per  cent  barium  chloride  was  given  at  the 
beginning  of  the  tracing.  The  contraction  of  the  spleen  became  very  marked 
and  this  was  followed  after  a  time  by  some  relaxation.  Four  c.c.  of  benzyl 
benzoate  was  now  injected  in  order  to  see  whether  or  not  the  drug  would  re- 
lax the  spleen.    It  will  be  noted  that  the  spleen  (oncometer)  tracing  again  dips 


even  lower  than  it  did  following  the  marked  contraction  produced  liy  the 
barium  chloride.  But  the  causes  of  these  two  spleen  contractions  are,  however, 
exactly  the  oppo.site  of  each  other.  In  the  first,  the  shrinkage  of  the  spleen 
volume  represents  an  active  contraction  of  smooth  muscle  within  the  spleen. 
The  second  contraction  is  passive,  and  is  due  to  the  profound  fall  in  blood 
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j)i-cssiire,  ami  perhaps,  somewhat  to  the  aspliyxia  which  followed  the  injection 
of  the  benzyl  benzoate.  Artificial  respiration  was  started  at  "1"  and  stopped 
at  "2."  Although  the  blood  pressure  again  returned  to  a  high  tension  (contin- 
ued artiuu  of  the  barium)  and  the  spleen  tracing  also  marked  a  low  level  (also 
barium  contraction),  still  there  is  no  evidence  that  the  benzyl  benzoate  exer- 
cised any  relaxing  action  on  the  spleen,  although  the  dosage  was  perhaps 
sufficient  to  have  killed  the  animal  if  artificial  respiration  had  not  been  given. 
Under  artificial  respiration  animals  can  withstand  very  much  larger  doses  of 
the  drug  without  dying,  than  is  possible  under  natural  respiration.  This 
indicates  that  the  animals  do  not  die  of  thrombosis  as  might  be  suspected  from 
the  rather  unsatisfactory  character  of  the  drus'  for  intravenous  injection.    The 
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linal  V )\('ry  di'  the  licarl  and  circulation,  if  artificial  respiration  be  main- 
tained, shows  that  no  permanent  thronilii  ai'c  iixl^'cd  in  an\'  \itally  important 
vascular  areas. 

Fig.  (i  shows  the  respiration,  kidney  volume  (oncometer)  and  blood  pres- 
sure In  the  beginning  4  c.e.  of  benzyl  benzoate  solution  was  injected.  Slight 
effects  were  produced  in  all  three  tracings.  Tlie  small  shrinkage  in  kidney 
volume  is  obviously  secondarj^,  and  due  to  the  fali  in  l)lood  pressure.  If  the 
arterioles  themselves  in  the  kidney  had  dilated  tlic  voiume  record  would  have 
risen,  as  occurs  after  the  constriction  in-nduccd  !>>■  tlie  1  c.c.  injection  of  adrenalin 
(at  the  center  of  the  tracing")  begins  to  wear  off.  Tlic  shrinkage  of  the  kidney 
volunii'  at'icr  the  adi'anclinc  is  active  and   is  due  to  tlic  adrenaline  stinudating 


A   PHARMACOLOGICAL    STrOY    OF    BEXZYL    BEXZOATE  71 

the  myoneural  junctions  of  tlie  vasoconstrictor  nerves  in  the  renal  arterioles. 
Following  the  adrenaline  a  further  dose  of  7  c.e.  of  benzyl  beuzoate  was  given. 
The  results  of  this  were  exactly  analogous  to  those  produced  by  the  4  c.c,  but 
were  corresi3ondingly  more  pronounced. 

The  recently  suggested  use  of  benzyl  benzoate  in  clinical  condition.?  pre- 
.sumably  dependent  on  excessive  or  abnormal  contraction  of  the  uterus'  indi- 
cated that  the  drug  -would  probably  produce  relaxation  of  this  orwan.     Fia:s. 
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Fig.  9. 

7  and  8  show  the  results  we  have  obtained  in  the  study  of  the  action  of  the 
drug  on  this  organ.  In  Fig.  7  an  injection  of  3  c.c.  was  made  and  produced 
very  obvious  results  on  the  respiration  and  blood  pressure.  On  the  uterus, 
however,  the  results  are  very  slight.  Fig.  8  also  shows  the  effects  of  an  injec- 
tion of  5  c.c.  of  the  drug.  This  dosage  finalh'  stopped  the  uterine  contractions, 
but  not  until  the  animal  had  died.  Obviously  one  could  not  use  such  large 
amounts  clinically.  In  these  tracings  the  uterus  remained  in  situ  and  great 
care  was  used  not  to  disturb  its  innervation  or  blood  supply,  and  to  keep  the 
organ  warm  and  moist  by  closing  the  abdominal  wall  and  covering  the  record- 
ing apparatus  with  the  intestines  (see  Jour.  Lab.  and  Clin.  Med.,  1917,  iii,  63). 
In  regard  to  these  two  records,  however,  it  should  be  stated  that  it  is  often 
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cliffifiilt  to  secure  entirely  satisfactory  tracings  of  tlie  uterus  in  situ  in  dogs, 
and  we  should  not  be  inclined  to  lay  too  great  emphasis  on  these  observations 
without  checking  the  results  by  a  considerable  number  of  experiments  on  ani- 
mals of  dii?erent  species,  which  we  have  not  as  yet  had  an  opportunity  to  do. 
In  our  ])resent  experiments  the  uterus  had  previously  been  roused  to  increased 
activity  liy  the  injection  of  pituitriii. 
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One  of  the  most  iniixirtant  clinical  uses  suggested  for  benzyl  benzoate  is 
in  the  treatment  of  bronchial  asthma.*  Fig.  9  represents  two  tracings  taken 
from  separate  dogs  and  mounted  together.  They  show  the  action  in  spinal 
dogs  of  histamine  (13-iminazolylethylamine,  "ergamine"),  benzyl  benzoate, 
codeine  and  adrenaline  on  the  bronchioles  as  recorded  by  a  special  aspiration 
mi'thod   fse..  Jour.  I'liarniacol.  and  Exju-r.  Therap.,   I!tl4,  vi.  57;  also  .T^ickson's 
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Experimental  Pliarmacology,  C.  V.  Mosby  Co.,  1917,  St.  Loui.s,  p.  287).  In 
these  tracing's  (also  Figs.  10  and  11)  a  shortening  of  the  amplitude  of  the 
lung  record  means  contraction  of  the  bronchioles,  and  increase  in  the  ampli- 
tude of  the  lung  tracing  sho^ys  dilatation  of  the  bronchioles.  In  Fig.  9  the 
left  hand  record  shows  a  contraction  of  the  bronchioles  produced  by  the  intra- 
venous injection  of  -(^  milligram  of  ergaminc.    This  led  to  a  bronchial  contrac- 
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tion  which  10  c.c.  and,  later  SO  c.c.  of  an  aqueous  solution  of  benzyl  benzoate 
did  not  relax.  An  injection  of  adrenaline  (2  c.c.)  produced  prompt  bronchial 
dilatation.  In  the  right  hand  tracing  codeine  was  used  to  produce  the  initial 
bronchial  contraction  and  then  3  c.c.  of  the  20  per  cent  benzoate  made  wp  in 
75  per  cent  alcohol  was  injected  intravenously.     The  dog  weighed  8  kilos  and 
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it  would  appear  that  this  dosage  should  certainly  have  caused  dilatatiou  of  the 
bronchioles.  This  did  not  occur,  however,  and  as  a  further  check  on  the  tech- 
uic  of  the  experiment  2  e.c.  of  adrenalin  was  injected.  A  bronchial  dilatatiou 
followed  although  the  heart  stopped  beating  (from  the  effects  of  the  codeine 
and  benzyl  bezoate).  Fig.  10  shows  that  2  c.e.  of  pure  benzyl  benzoate  (made 
by  the  Harmer  Laboratories)  did  not  produce  the  slightest  indication  of  a 
bronchial  dilatation  following  a  contraction  produced  by  "ergamiue."  Ad- 
renaline, however,  caused  a  marked  dilatatiou.  This  seems  to  indicate  definitely 
that  benzyl  benzoate  does  not  caiise  a  bronchodilatation  in  intact  (pithed) 
dogs  under  the  conditions  obtaining  in  such  experiments  as  we  have  here  car- 
ried out.  Fig.  11  shows  three  separate  tracings  mounted  together.  From  the 
legends  it  will  be  seen  that  benzyl  benzoate  did  not  produce  satisfactorv 
bronchodilatation  in  either  instance. 
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The  possibility  that  benzyl  benzoate  might  be  used  clinically  in  pulmonary 
hemorrhage  in  cases  of  tuberculosis  led  us  to  investigate  the  action  of  the  drug 
on  the  pulmonary  blood  pressure.  The  method  we  have  used  for  recording 
the  pulmonary  arterial  pressure  is  indicated  in  Fig.  12.  (See  Jour.  Lab.  and 
Clin.  Med.,  1920,  vi,  1).    In  the  diagram  it  will  be  seen  that  a  cannula  tied  into 
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the  left  pulmonary  artery  connects  with  a  water  manometer,  the  distal  end  of 
which  is  joined  to  the  lower  end  of  a  burette.  The  manometer  and  tubes  to  the 
artery  (and  the  cannula)  are  filled  with  normal  salt  solution.    The  upper  end 

of  the  burette  is  connected  with  a  recording  tambour  which  writes  on  the 


"""""""""""MHtHHmffliiiminp"""'""'"™" 


drum.  The  tambour,  tlie  upper  part  of  the  burette  and  the  connecting  tubes 
are  filled  with  air.  By  this  method  the  pulmonary  blood  pressure  record  repre- 
sents a  magnificalinn  about  150  times  greater  than  would  be  recorded  by  a 
merciuy  manoiiirler.     The  variations  in  the  pulmonary  tracings  should,  there- 
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fore,  be  reduced  about  150  times  iu  amplitude  iii  order  to  compare  them  di- 
rectly with  the  associated  carotid  tracings  which,  in  our  records,  were  made 
with  a  mercury  manometer.  Fig.  13  shows  the  results  we  have  observed  on 
the  pulmonary  arterial  pressure.  Near  the  beginniuo-  of  the  tracing  3  c.c.  of 
benzyl  benzoate  was  injected  and  a  tyi^ical,  prolonged  fall  in  the  carotid  pres- 
sure, was  obtained.  In  the  pulmonary  pressure,  however,  there  was  produced  at 
first  a  sharp  temporary  rise  which  was  succeeded  by  a  few  gasping  movements. 
But  on  the  average  there  was  extremely  little  variation  in  the  pulmonary  pres- 
sure, either  in  the  way  of  a  rise  or  a  fall.  Later  a  3  c.c.  injection  of  benzyl  ben- 
zoate was  given  again.  The  fall  produced  iu  the  carotid  pres.sure  was  again  cpiite 
typical,  but  the  pulmonary  pressure  showed  only  a  very  slight,  transient  rise.  A 
small  injection  of  adrenaline  was  finally  given  in  order  to  check  up  the  accuracy 
of  the  techuic  in  the  experiment.  Fig.  14  shows  two  short  pulmonary  tracings 
(mounted  together).  Here  again  the  drug  produced  only  the  slightest  changes  in 
the  pulmonary  pressure.  In  studying  these  tracings  one  must,  of  course,  con- 
stantly bear  in  mind  the  greatly  increased  magnification  of  the  pulmonary  over 
the  carotid  records.  It  is  obvious  that  if  the  drug  should  act  in  clinical  cases  in 
a  manner  at  all  analogous  to  that  in  which  it  has  behaved  under  these  experi- 
mental conditions,  it  could  be  of  no  use  in  the  matter  of  treatment  of  hemop- 
tysis in  pulmonary  tuberculosis. 
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A  REPORT  OF  AN  EPIDEMIC  OF  INFLUENZA  IN  AN  ARMY  POST  OF 
THE  AMERICAN  EXPEDITIONARY  FORCES  IN  FRANCE 


By  Alan  M.  Chesney,  M.D.,  and  Frank  W.  Snow,  M.D. 
{Formcrli/  Officers  in  the  Medical  Corps  of  Ihe  United  States  Army) 

A.    INTRODUCTION 

THE  outbreak  of  influenza  which  forms  the  subject  of  this  paper  was  de- 
scribed in  an  official  report  by  one  of  us  (Chesney)  to  tlie  Chief  Surgeon, 
American  Exiieditionary  Forces,  France.  At  the  instance  of  the  Surgeon 
General  that  report  has  been  revised  for  ijublication  and  forms  the  basis 
of  this  paper.  It  was  thought  that  a  report  of  this  particular  epidemic  would 
be  of  interest  in  view  of  the  fact  that  it  seemed  to  throw  some  light  on  one 
or  two  problems  related  to  the  epidemiology  of  influenza,  more  especially  the 
question  as  to  whether  or  not  the  virus  of  influenza  acquires  increased  viru- 
lence by  successive  passage  through  human  hosts. 

B.    SITE   OF    THE   EPIDEMIC 

Tlie  outbreak  which  it  is  i:)roposed  to  describe  occurred  in  the  Post  of 
A.  P.  0.  704,  American  Expeditionary  Forces,  France.  This  post  was  a 
permanent  artillery  camp  of  the  French  Army,  located  at  LeValdahon  in 
the  department  of  the  Doubs.  It  comprises  a  tract  of  rolling  land  large 
enough  to  provide  sufficient  room  for  artillery  range,  and  in  addition  pos- 
sesses a  number  of  permanent  two-story  barracks  buildings  of  cement  con- 
struction. The  use  of  this  camp  was  loaned  to  the  American  Army  and  after 
it  had  been  taken  over  by  the  latter  a  number  of  wooden  barrack  buildings 
were  erected  for  purposes  of  instruction  and  for  additional  barrack  and 
stabling  space. 

During  the  summer  and  autumn  of  1918  American  artillery  brigades  were 
ordered  to  this  post  for  periods  of  from  four  to  six  weeks  for  instruction.  It 
frequently  happened  that  while  one  brigade  occupied  the  post  and  Avas  re- 
ceiving instruction  another  brigade  was  billeted  in  neighboring  towns  and  was 
awaiting  the  opportunity  to  enter  the  post  for  the  same  purpose.  It  was  the  cus- 
tom of  one  brigade  to  enter  the  post  as  soon  as  its  predecessor  had  left.  Tims 
every  four  to  six  weeks  tliere  occurred  a  marked  change  in  the  population  of 
the  post. 

In  addition  to  1he  lirigades  wliicli  occupied  the  post  there  A\as  a  ])t'nna- 
nent  post  personnel  constantly  present  which  consisted  of  troops  belonging  to 
the  Cavalry  arm,  the  Engineer  Corps,  Quartermaster  Corps,  and  Medical 
Corps,  which  were  engaged  in  the  administration  of  the  post.  The  permanent 
personnel  amounted  to  about  500  and  was  fairly  constant.  The  total  popula- 
tion of  the  post  when  a  brigade  was  billeted  in  it  varied  from  3500  to  5000. 
The  post  hospital.  Camp  Hospital  No.  12  received  patients  from  all  the  organ- 
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izations  in  the  post  as  Avell  as  from  those  in  the  surrounding  billeting  area. 
One  of  us  (Snow)  M'as  Commanding  Officer  of  the  hospital  during  the  period 
of  the  epidemic  and  Post  Surgeon  from  about  August  1st,  the  other  (Chesney) 
was  detailed  to  make  a  special  study  of  the  epidemic. 

The  frequent  changes  in  the  population  of  the  post  brought  about  by  the 
short  stay  of  each  brigade  exercised  considerable  influence  upon  the  course 
of  the  epidemic.  Indeed  the  history  of  the  epidemic  resolves  itself  into  dis- 
tinct periods  corresponding  to  the  various  brigades  which  entered  the  post 
and  it  will  be  profitable  to  approach  the  events  from  that  point  of  view. 

C.    HISTORY  OF  THE  EPIDEMIC 

1.  First  Period,  June  to  July  27th,  1918 
The  first  period  covers  the  duration  of  the  stay  of  the  5th  Field  Artillery 
Brigade  in  the  post.  During  this  interval  a  respiratory  infection  diagnosed 
as  influenza  made  its  appearance  in  troops  billeted  there.  It  Mas  largely  con- 
fined to  troops  belonging  to  the  5th  Brigade.  Thus  of  77  cases  diagnosed  as 
influenza,  bronchopneumonia  or  lobar  pneumonia  admitted  to  the  post  hos- 
pital between  July  1st  and  July  27th  from  organizations  actually  barracked 
in  the  post,  68  developed  in  organizations  of  the  5th  Brigade.  In  Table  I  is 
shown  the  distribution  of  these  cases  among  the  commands  in  the  post. 

Table  I 

Distribution  of  Cases  of  Respiratory  Disease  in  Organizations  Barracked  in  Post  of 
A.  P.  O.  704,  July  1-27,  1918 

OHGANIZ.\TION  NUMBER   OF   CASES   ADMITTED   TO   HOSPITAL 

Jit  It  Artillery  Brigade 

Brig.   Hdqrts.   Co.  17 

5th  Trench  Mortar  Battery  12 

19th  Field  Artillery  Bcg't 

Battery  A.  2 

Battery  B.  2 

Battery  C.  2 

Battery  D.  1 

Officers  1 

SOth  Field  Artillery 

Regt. 

Headquarters  Co.  3 

Supply  Co.  1 

Sanitary  Detachment  1 

Battery  A.  1 

Battery  B.  4 

Battery  C.  5 

Battery  D.  2 

Battery  E.  2 

Battery  F.  2 

Officers  3 

21st  Field  Artillery  Hegiment 

Headquarters  Co.  1 

Battery  B.  1 

Battery  C.  2 

Batterv  E.  2 

Officers  1 

Permanent  Post  Organizations 

Troop  C.  2nd  Cavalry  ^ 

Medical    Detachment    Camp    Hospital    No.    12  2 

Unattached  Officers  2                        
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In  compiling  these  statistics  no  dift'erentiation  has  been  made  between 
cases  of  influenza,  acute  bronchitis,  bronchopneumonia  or  lobar  pneumonia. 
They  are  all  grouped  under  the  heading  "Acute  Respiratory  Disease."  As 
a  matter  of  fact  most  of  the  eases  were  eases  of  influenza. 

From  Table  I  it  is  seen  that  certain  organizations  were  affected  more 
than  others,  notably  Headqviarters  Company  of  the  brigade  and  the  5th 
Trench  Mortar  Battery.  The  disease  was  relatively  mild  at  that  time.  Just 
how  it  made  its  way  into  the  post  is  uncertain.  Init  it  Avas  known  to  be  preva- 
lent among  the  civilian  population  of  Besaneon,  a  city  located  some  30  kilo- 
meters away,  and  the  troojDs  were  permitted  to  visit  that  city  on  pass.  Dur- 
ing the  month  of  July,  while  the  5th  Brigade  occupied  the  post  the  58th  Field 
Artillerj'  Brigade  occupied  billets  in  surrounding  towns  and  was  waiting  to 
enter  the  post  for  its  period  of  training.  The  withdrawal  of  the  5th  Brigade 
marks  the  end  of  the  first  period  of  the  epidemic  and  the  beginning  of  the 
second. 

2.    SECOND  PERIOD,   .JULY   27tH   TO   AUG.   23rD 

The  secoijd  period,  lasting  from  July  27th  to  August  23rd,  represents  the 
duration  of  stay  of  the  58th  Field  Artillery  Brigade  in  the  post.  This  Brigade 
M-as  composed  of  the  122nd,  123rd,  and  124th  Field  Artillery  Regiments,  the 
108th  Ammunition  Train,  the  108th  Trench  Mortar  Battery  and  the  108th 
Motor  Ordnance  Repair  Shop.  During  the  time  that  these  organizations  oc- 
cupied billets  in  the  vicinity  of  the  post,  a  period  of  four  weeks  before  their 
entry,  no  cases  of  influenza,  bronchitis  or  pneumonia  occurred  in  them. 

The  123rd  and  124th  F.  A.  Regiments  began  to  enter  the  post  on  July 
27th,  and  about  three  days  were  consumed  in  the  process  of  moving  in.  The 
122nd  Regiment  did  not  enter  the  post  at  all,  but  remained  in  billets  in  a 
town  about  one  kilometer  distant  and  sent  men  to  the  ranges  of  the  post 
ever.y  day  for  instruction  in  firing.  The  troops  of  the  123rd  and  124th  Regi- 
ments occupied  barracks  at  the  southwestern  end  of  the  post  and  slept  upon 
mattresses  and  pillows  that  had  been  used  by  outgoing  troops  of  the  preceding 
brigade.  Xo  genex-al  attempt  was  made  to  clean  these  barracks  before  the 
entry  of  the  nev,'  brigade. 

Several  days  after  the  58th  Brigade  had  entered  the  post,  cases  of  in- 
fluenza began  to  appear  in  units  of  that  brigade  and  the  number  of  such 
cases  increased  rapidly.  The  distribution,  among  the  various  commands  in 
the  post,  of  cases  of  acute  respiratory  disease  that  occurred  betwen  July  27th 
and  August  23rd  inclusive,  and  were  admitted  to  the  post  hospital,  is  shown 
in  Table  II. 

Table  II  shows  that  of  all  cases  of  acute  resijiratory  disease  admitted  to 
the  post  hospital  during  the  period  of  July  27th  to  Aug.  23rd,  the  great  majority 
came  from  the  123rd  and  124th  Field  Artillery  regiments.  In  Figs.  1,  2,  and  3 
are  exhibited  curves  which  sliow  the  d;iily  number  of  cases  of  acute  respira- 
tory disease  admitted  to  hospital  from  these  organizations,  together  with 
those  from  the  122nd  regiment,  during  the  entire  time  of  their  stay  in  the 
post  as  well  as  for  the  previous  four  weeks  during  which  they  were  in  towais 
in  the  neigliborliood.     These  curves  show  thai   lliere  were  no  cases  of  influenza 
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or  other  respiratory  infection  in  these  regiments  dnriug-  the  first  four  weeks 
of  Jnly,  while  all  three  were  billeted  in  nearby  towns  and  that  the  123rd  and 
124th  F.  A.  regiments,  which  occupied  the  camp  during  the  last  few  days 
of  July  and  the  first  three  weeks  of  August,  had  a  number  of  cases  of  influenza 
following  their  entrance  into  the  post,  whereas  the  122nd  P.  A.,  which  remained 

Table  II 

Distribution  of  Cases  of  Acute  Respiratory  Disease  Occurring  in  Commands  Bar- 
racked IN  Post  A.  P.  O.  704,  A.  E.  F.  During  July  27th  to  Aug.  23r(l,  1918 


organization 


NUMBER   OF  CASES   ADMITTED  TO   HOSPITAI, 


SSth  Field  Artillery 

Brigade   Headquarters   Company 

108th  Ammunition  Train 

108th  Trench  Mortar  Battery 

108th  Motor  Ord.   Repair  Shop 

I2srd  Field  Artillery  Reg't 

Headquarters  Co. 

Supply  Co. 

Ordnance  Det. 

Sanitary  Det. 

Battery  A. 

Battery  B. 

Battery  C. 

Battery  D. 

Battery  E. 

Battery  F. 

Officers 

124th  Field  Artillery 

Headquarters  Co. 

Supply  Co. 

Ordnance  Det. 

Sanitary  Det. 

Battery  A. 

Battery  B. 

Battery  C. 

Battery  D. 

Battery  E. 

Battery  F. 

Officers 

Sixth  Field  Artillery  Brigade 

♦Brigade  Headquarters 

*6th  Trench  Mortar  Battery 

♦Headquarters  F.  A. 

♦Headquarters  Company  11th  F.  A. 

♦Supply  Company  11th  F.  A. 

*Ordnance  Detachment  lltli  F.  A. 

♦Batterv  E.  11th  F.  A. 

♦Battery  F.  11th  F.  A. 

Post  Organizations 

2nd  Cavalry 

309  Q.  M.  C. 

Post  Engineers 

Post  Ordnance 

Post  Signallers 

Medical    Detachment   Camp    Hospital    No.    12 

3rd  Veterinary  Hospital 

800th  Aero  Squadron 

14th  Balloon  Squadron 

Officers   Unattached 


4 
2 

2 
10 

4 
3 
2 
10 
1 
4 
1 
2 

252 


sent  into  the  post 


of  the   Sixth   Brigade  itself  for  preliminary 
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billeted  in  LeV.tldahon,  a  kilometer  away,  had  only  six  eases  of  iiifiueiiza 
during  the  entire  time,  three  of  which  could  be  fairly  definitely  traced  to  the 
post.  This  last  regiment,  which  remained  outside  the  camp  but  sent  men  to 
the  ranges  dailv  for  instruction,  served  therefore   as  a   satisfactory   control 
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for  the  regiments  which  entered  the  cami).  There  can  be  little  doubt  that  the 
organizations  of  the  58th  Brigade  wliic-li  underwent  an  epidemic  of  influenza 
while  in  the  Post  of  A.  P.  0.  704,  A.  !•'.  V..  became  infected  as  a  direct  result 
of  moving  into  an  infected  place.  Tliey  did  not  bring  llie  infection  with 
them. 
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The  total  uumber  of  cases  of  respiratory  infection  admitted  to  the  hos- 
pital   from    those    organizations    of    the    aSth    Brigade    located    in    the    post 
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amounted  to  2U0.  Tlie  total  strengtli  of  these  .same  oi-fiauizatioiis  on  August 
1st  was  approximately  3000,  so  that  during  their  stay  in  the  post  about  6.5 
per  cent  of  the  troops  belonging  to  them  were  rendered  unfit  for  duty  on 
account  of  aeute  respiratory  disease. 

A  spot  map  (see  Fig.  4)  designed  to  show  the  location  of  eases  in  camp, 
demonstrated  that  the  disease  was  confined  largely  to  the  southwestern  group 
of  barracks  and  that  there  were  relatively  few  cases  in  the  northeastern  and 
southeastern  groups.  The  southwestern  group  of  barracks  which  was  occupied 
by  the  123rd  and  124th  Regiments,  as  well  as  by  some  of  the  permanent 
personnel  of  the  post,  had  previously  been  occupied  by  those  organizations 
of  the  preceding  (Fifth)  brigade  in  which  influenza  had  been  most  prevalent. 
The  northeastern  group  was  occupied  by  some  permanent  post  organizations 
among  which  a  few  eases  only  occurred  and  the  southeastern  group  was  oc- 
cupied by  some  organizations  of  the  58th  Brigade  as  well  as  by  some  de- 
tachments of  the  6th  Brigade  which  had  been  sent  into  the  post  in  advance 
of  the  brigade  itself  for  preliminary  instruction. 

Once  the  epidemic  had  commenced  in  the  58th  Brigade  it  assumed  the 
characteristics  of  a  battery  infection,  being  fairly  well  restricted  to  certain 
batteries,  while  other  batteries  were  almost  entirely  free  from  the  infection. 
(See  Table  II.)  It  appears  probable  that  the  disease  was  spread  among  the 
men  by  direct  contact  in  the  barracks,  where  there  was  ample  opportunity  for 
such  contact  to  occur.  Inspection  of  the  barracks  showed  that  the  beds  Avere 
frequently  less  than  one  foot  apart  and  that  no  consistent  attempt  at  head 
and  foot  arrangement  was  made.  The  estimated  floor  space  per  man  varied 
from  31  to  50  square  feet,  and  was  usually  less  than  40  square  feet. 

On  August  22nd  the  124th  F.  A.  vacated  its  barracks  and  on  the  following 
day  the  123l'd  left  the  post.  Both  of  these  regiments  swept  out  their  bar- 
racks before  leaving.  Their  departure  marks  the  end  of  the  second  period  of 
the  epidemic. 

3.  THIRD  PERIOD,  At'GT\ST  23rD  TO  NOVEMBER  8tH,  1918 

Tlie  tliird  period  may  be  said  to  extend  from  August  23rd,  the  date  of 
departure  of  the  58th  Brigade,  to  November  8th,  the  date  of  departure  of  the 
last  of  the  brigades  sent  to  the  post  for  instruction  during  the  Summer  and 
Autumn  of  1918.  This  period  represents  the  duration  of  stay  of  the  6th  and 
156th  Artillery  Brigade  in  the  post. 

During  the  first  three  weeks  of  August,  while  J;he  58th  Brigade  was  oc- 
cupying barracks  in  the  post,  the  6th  Field  Artillery  Brigade  was  billeted  in 
nearby  towns,  awaiting  its  turn  to  enter  the  post  for  instruction.  Several 
units  from  the  brigade  were  actualh'  sent  into  the  post  in  advance  of  the 
brigade  itself  and  occupied  barracks  in  the  southeastern  portion  of  the  post 
during  the  time  that  the  58th  Brigade  was  luning  its  epidemic.  Table  II 
shows  that  thirteen  cases  of  acute  respiratory  infection  occurred  among  these 
advance  units  of  the  Cth  Brigade  after  they  entered  the  post.  The  remaining 
units  of  the  brigade  during  their  stay  in  billets  outside  the  camp  were  almost 
entirely  free  from  acute  respiratory  disease,  not  more  than  twelve  cases  being 
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admitted  to  the  hospital  from  these  organizations  during  the  period  preeedinc 
their  entry  into  the  post. 
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When  it  beciune  known  that  the  58th  Brigade  was  about  to  leave  the 
post  and  that  the  6th  was  to  entei',  efforts  were  made  by  the  Post  Surgeon  at 
that  time  (Snow),  assisted  by  the  medical  officers  of  the  6th  Brigade,  to  pre- 
vent the  occurrence  of  an  epidemic  of  influenza  in  the  latter  brigade.  The 
situation  was  explained  to  the  Commanding  General  of  the  6th  Brigade  and 
it  was  recommended  to  him  that  his  brigade  be  kept  in  billets  in  the  surround- 
ing towns  rather  than  be  permitted  to  enter  the  post,  or,  if  the  brigade  did 
enter  the  post,  that  the  men  be  put  under  tents  rather  than  in  the  barracks 
of  the  post.  In  view  of  the  experience  with  the  58th  Brigade  it  was  predicted 
that  if  the  6th  Brigade  entered  the  barracks  vacated  by  the  former  brigade  the 
latter  would,  in  all  probability,  experience  an  epidemic  of  influenza  as  severe 
as,  or  even  more  severe  than,  that  undergone  by  the  58th  Brigade.  These  rec- 
ommendations were  not  accepted.  However,  it  was  decided  that  a  week  should 
be  permitted  to  elapse  between  the  departure  of  the  58th  and  the  entry  of  the 
6th  Brigade  into  the  post,  and  that  during  that  interval  the  barracks  should 
be  thoroughly  scrubbed  with  soap  and  water  and  whitewashed,  and  the  pil- 
lows and  mattresses  aired  in  the  sunshine.  Orders  were  issued  to  the  incom- 
ing troops  to  use  sacks  filled  with  haj'  or  straw  for  bedding  and  not  use  bed- 
ding that  had  been  used  by  the  outgoing  brigade.  The  men  were  supposed 
also  to  be  billeted  in  such  a  manner  that  each  had  at  least  40  square  feet  of  floor 
space. 

Immediately  following  the  departure  of  the  58th  Brigade  detachments 
from  the  6th  Brigade  began  to  carry  out  the  prescribed  cleansing  measures 
in  the  southwestern  group  of  barracks.  All  beds,  bedding  and  movable  fix- 
tures were  taken  out  doors  and  left  in  the  sunshine  for  several  days. 

The  walls  were  washed  down  with  soapy  water  applied  with  brooms,  the 
floors  were  then  scrubbed  with  soap  and  water  and  some  of  the  rooms  were 
whitewashed.  The  work  in  the  southwestern  grouiD  of  barracks  was  per- 
formed by  detachments  from  the  3rd  and  78th  Field  Artillery  regiments, 
which  had  been  selected  to  occupy  those  particular  barracks.  The  south- 
eastern barracks  were  not  cleaned  by  the  regiment  (11th  F.  A.)  which  was 
to  occupy  them  until  several  days  after  that  regiment  had  moved  into  them. 
Two  batteries  of  the  regiment  together  with  some  other  detachments  from 
the  6th  Brigade  had  moved  into  these  barracks  several  weeks  previously  and 
thirteen  cases  of  influenza  had  developed  in  these  units  after  their  entry 
(See  Table  II). 

On  August  27th  the  6th  Brigade  entered  the  post.  During  the  fortnight 
following  the  entrance  of  the  brigade  into  the  post  some  eases  of  influenza 
made  their  appearance  in  the  three  regiments  constituting  the  brigade,  but 
the  cases  were  scattered  and  the  incidence  was  not  such  as  to  constitute  a 
real  epidemic  until  the  10th  of  September  when  a  large  number  of  men  from 
the  3rd  F.  A.  regiment  suddenly  came  down  with  the  disease.  From  that 
time  on  cases  developed  with  great  rapidity  in  the  regiment  and  two  or  three 
days  later  the  disease  was  epidemic  in  the  other  two  regiments  of  the  brigade. 
The  permanent  post  organizations  continued  to  contribute  cases  of  influenza 
during  this  time.    In  Table  III  is  shown  the  distribution,  among  the  various 
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commands  in  the  post,  of  eases  of  acute  respiratory  disease  admitted  to  the 
post  hospital  during  the  stay  of  the  6th  Brigade  in  the  post. 

Table  III  shows  that  of  the  cases  of  acute  respiratory  disease  admitted 
to  the  post  hospital  from  organizations  barracked  in  the  post  during  the 
period  August  24th  to  October  21st,  1463  developed  in  organizations  belong- 

Table  III 

Distribution  of  Cases  of  Acute  Respiratory  Disease  Occurring  in  Commands  Bar- 
hacked  IN  THE  Post  of  A.  P.  O.  704.  A.  E.  F.  During  the  Period  of 
August  24th  to  October  21st,  1918 


organization  number  of  cases  admitted  to  hospital 

6th  Artillery  Brigade 

Brigade   Headquarters    Co.  9 

Brigade  Casual  Detachment  138 
Srd  Field  Artillery 

Headquarters  Co.  71 

Supply  Co.  60 

Ordnance  Det.  6 

Sanitary  Det.  13 

Battery"  A.  74 

Battery  B.  52 

Battery  C.  140 

Battery  D.  63 

Battery  E.  30 

Battery  F.  IS 

Officers  16 
nth  Field  Artillery 

Headquarters   Co.  46 

Supply  Co.  7 

Ordnance   Det.  4 

Sanitary  Det.  12 

Battery  A.  31 

Battery  B.  28 

Battery  C.  30 

Battery  D.  IS 

Battery  E.  SS 

Battery  F.  27 

Officers  10 
/Sth  Field  Artillery  Regiment 

Headquarters  49 

Supply  Co.  50 

Ordnance   Det.  4 

Sanitary  Det.  7 

Battery  A.  103 

Battery  B.  78 

Battery  C.  22 

Battery  D.  34 

Battery  E.  25 

Battery  F.  120 

Officers  19 
Post  Organization 

2nd  Cay  airy  4 

309  Q.  M.  C.  14 

Post  Ordnance  4 

Post  Headquarters  10 

Camp  Hospital  51 

Officers  Unattached  8 

3rd    Vet.    Hospital  45 

37Sth  M.  T.  C.  1 

800th    Aero   Squad  25 

14th  Balloon  Sq.  3 

304th  Remount  3 

323rd  Labor  Batt'n  13 
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iiig-  to  the  6tli  Brigade  and  the  remaining  181  in  permanent  post  organizations. 
In  Figs.  5,  6  and  7  are  illustrated  curves  which  show  the  number  of  cases 
of  respiratory  disease  admitted  to  the  hospital  daily  from  the  three  regiments 
of  the  6th  Brigade,  before  their  entry  into  the  post.  These  curves  show  that 
these  regiments  were  almost  free  from  cases  of  respiratory  disease  previous 
to  moving  into  camp,  and  that  influenza  was  not  a  serious  menace  \intil  two 
weeks  after  their  entry  into  the  post. 
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In  l''ig.  S  is  shown  the  daily  incidence  of  respiratory  tlisease  in  organ- 
izations barracked  in  the  post  during  the  period  July  1st  to  October  21st.  It 
shows  that  as  successive  brigades  entered  the  post  there  was  a  progressive 
increase  in  the  number  of  soldiers  who  developed  influenza.  The  epidemic  as 
it  manifested  itself  in  the  first  of  the  brigades  Avas  relatively  mild,  in  the 
second  brigade  Id  cnler  the  post  it  was  more  severe  and  in  the  third  it  was 
more  severe  lliaii  in  the  other  two.  Thus  in  the  first  brigade  to  enter  the 
post  the  iii(irl)i(liiy  inay  be  estimated  at  about  1.5  per  cent,  in  the  second  at 
about  6.5  per  cent,  and  in  Ihe  third  it  reached  llie  high  figure  of  about  34 
per  cent. 
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It  is  seeu  from  Table  III  that  there  was  considerable  variation  iu  the  ex- 
tent to  which  different  organizations  were  affected.  The  highest  incidence  in 
any  one  battery  occurred  in  Battery  C  of  the  3rd  F.  A.  regiment  and  amounted 
to  141  cases,  a  morbidity  of  about  70  per  cent.  The  least  incidence  in  any 
one  battery  of  the  same  brigade  during  the  same  period  was  that  occurring 


:=  -  ^  f- :« 

cK-FslSSS^S 

ik'i'g^k 

gS5?? 

S  %  i  c  s 

E.?:if  : 

?  ;i  -  c  » 

c 

I 

" 

( 

1 

F  ^ 

d^^UU    f. 

Uf^:    U 

./,„„  ./ 

i.'.»c/r,s 

3 
> 

\ 

(f.,..,.,/ 

U,l  I     . 

',/e'        Lci/ 

K 

r 

i 

^ 

r 
r 

o 

f- 

^ 

n 

c 

K 

rd 

\ 

i  ^ 

' — 1 

7<i 

v 

^^^ 

\ 

- 

^ 

r 
r 

\ 

^ 

^ 

oo 

f 

•& 

\. 

"  o 

{ 

l^i 

Pc,....rW 

AJ,   /.. 

£ 

90 


THE   JOURNAL    OF    LABORATORY    AXU    (_LIXICAL    MEDICINE 


Fig.   8.— Occurn-iiCL-  of   Iiilliuiiza    in   Organizations   Barracked   in   Ihe   Post  of  A.    P.    O.    No.    704. 


EPIDEMIC    OF    IXFLUEXZA  91 

in  Battery  F  of  the  3rd  F.  A.,  which  had  only  15  cases.  There  was  a  tendency 
for  the  disease  to  appear  in  an  organization  with  what  may  be  termed  "ex- 
plosive violence,"  a  large  number  of  men  in  a  single  battery  coming  down 
with  the  disease  on  the  same  day,  when  the  battery  had  previously  been  almost 
free  from  the  disease.  The  greatest  number  of  admissions  to  hospital  from  an.y 
one  battery  in  one  day  was  40. 

It  was  impossible  to  prepare  a  spot  map  to  show  the  barraeli  location 
of  each  case  occurring  during  the  third  period  of  the  epidemic  for  the  reason 
that  the  units  were  frequently  shifted  about  in  barracks  and  this  factor  made 
it  impossible  to  trace  the  individual  cases.  However,  it  is  worthy  of  note 
that  the  two  regiments  of  the  6th  Brigade  which  suffered  the  most  moved  into 
barracks  that  had  been  occupied  by  the  two  regiments  of  the  previous  brigade 
in  which  influenza  had  been  most  prevalent.     (See  Fig.  4.) 

Once  the  disease  had  become  well  established,  it  spread  rajiidly  through 
the  various  commands  and  the  epidemic  ended  apparently  by  burning  itself 
out.  The  6th  Brigade  began  to  vacate  the  post  on  Oct.  13th  and  the  last 
regiment  left  on  Oct.  21st.  Although  the  date  of  the  departure  of  the  6th 
Brigade  marks  the  end  of  the  epidemic  of  influenza  in  the  post,  it  does  not 
mark  the  end  of  the  epidemic  in  the  vicinity,  for  shortly  after  the  epidemic 
of  influenza  in  the  6th  Brigade  reached  its  height,  influenza  began  to  be  epi- 
demic among  the  troops  of  the  156th  Artillery  Brigade  which  at  that  time 
was  billeted  in  surrounding  towns. 

This  brigade  arrived  in  the  vicinity  of  the  Post  of  A.  P.  0.  704,  during  the 
last  week  of  August  1918,  having  come  almost  directly  from  the  United 
States.  It  had  had  no  influenza  previous  to  its  arrival  in  the  nearby  towns 
where  it  was  to  be  billeted,  but  about  three  weeks  after  arrival  in  the  bil- 
leting area  influenza  began  to  be  epidemic  in  one  of  the  regiments  and  within 
a  week  the  other  two  regiments  had  become  affected.  These  regiments  were 
billeted  in  three  separate  tow^ls,  situated  many  miles  apart,  and  yet  there 
was  not  the  difference  of  a  week  in  the  date  of  onset  of  the  epidemic  in  the 
three  regiments.  The  epidemic  in  the  156th  Brigade  had  practically  reached 
its  end  by  the  time  the  6th  Brigade  ivas  ready  to  leave  the  post,  so  that  no 
objections  to  the  entry  of  the  former  brigade  into  the  post  were  raised  by 
the  medical  authorities.  The  156th  Brigade  began  to  enter  the  post  Oct.  21st, 
and  left  on  Nov.  8th.  Only  28  cases  of  influenza  developed  in  this  organiza- 
tion during  its  stay  in  the  post.  The  entire  number  of  cases  developing  in 
this  brigade  during  its  stay  in  the  neighborhood  of  LeValdahon  amounted  to 
1048,  a  somewhat  smaller  number  than  that  occurring  in  the  6th  Brigade. 
The  general  characteristics  of  the  outbreak  in  this  brigade  were  the  same  as 
those  in  the  6th  Brigade. 

The  total  number  of  eases  diagnosed  as  influenza,  acute  bronchitis,  bron- 
chopneumonia and  lobar  pneumonia,  occurring  in  organizations  barracked 
within  the  post  of  A.  P.  0.  704,  A.  E.  F.  or  billeted  in  the  vicinity,  during  the 
period  July  1st  to  Nov.  8,  1918,  amounted  to  3162.  By  far  the  majority  of 
these  cases  developed  within  the  post  and  were  admitted  to  the  post  hospital. 
Camp  Hospital  No.  12,  altiKugh  a  few  were  cared  for  in  regimental  infirm- 
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aries  as  long;  as  no  eoniplieations  developed.  None  of  the  permanent  post 
organizations  escaped  infection,  those  most  serionsly  affected  being  the  camp 
liospilal  detaelimont,  the  3rd  Veterinary  Hospital  and  llic  Qiiarti'rniastcr  Corps 
detachment. 

A  number  of  cases  of  influenza  developed  ]ndmouary  complications.  It  is 
difficult  to  be  sure  of  the  exact  number  of  such  cases,  particularly  during  the 
earlier  part  of  the  epidemic.  I-'rom  Sept.  1st  to  Nov.  8th,  when  respiratory 
diseases  were  most  prevalent,  there  were  admitted  to  the  Camp  Hospital  No. 
12  or  there  developed  within  the  hospital,  324  cases  of  bronehoi)neumonia  or 
lobar  pneumonia.  This  figure  represents  about  12  i)er  cent  of  the  total  number 
of  eases  of  respiratory  infection  that  occurred  in  the  vicinity  of  the  post  of  A. 
P.  0.  during  the  same  period.  Of  these  324  cases  of  pneumonia  (broncho-  and 
lobar)  151  died,  giving  a  case  mortality  rate  of  46  per  cent  for  the  lung  com- 
plications. In  addition  to  the  ca.ses  with  pulmonary  complications  there  were 
a  number  of  cases  in  which  meningococcus  meningitis  develojicd  during  the 
period  of  convalescence  from  influenza. 

D.   DISCUSSION 

The  epidemic  of  influenza  at  LeValdahon  offered  an  iinusiial  opportunity 
for  tlie  collection  of  data  which  might  throw  light  on  the  epidemiology  of 
this  disease.  The  exposure,  in  turn,  of  large  bodies  of  men  of  approximatel.y 
the  same  age  and  general  physical  condition  to  infection,  and  the  fact  that 
the  previous  history  of  these  bodies  as  regards  respiratory  disease  could  be 
accurately  ascertained  for  a  period  of  time  sufficiently  long  to  permit  of  an 
estimate  of  Ihe  prevailing  liealth  of  the  troops  as  a  whole,  made  this  particu- 
lar epidemic  a  natural  experiment  with  miusually  good  controls. 

Considerable  interest  attaches  to  the  problem  as  to  where  and  by  what 
channels  the  various  brigades  acquired  their  infection.  With  regard  to  the 
first  brigade  to  enter  the  post,  the  otli  F.  A.  Brigade,  it  is  impossible  to  deter- 
mine the  source  of  the  infection.  The  most  probable  source  would  seem  to  be 
the  civilian  population  of  Besaneon,  a  city  situated  about  thirty  kilometers 
from  the  post  and  one  to  which  the  men  were  permitted  to  go  on  pass. 

The  source  of  infection  in  the  case  of  the  next  brigade  to  enter  the  post, 
the  r)8th  V.  A.  Brigade,  seems  fairly  clear.  The  brigade  nndonbtedly  ac- 
(|uired  its  infection  as  a  result  of  moving  into  infected  barracks,  for  the  two 
regiments  of  the  brigade  wliich  moved  into  the  barrcks  in  the  post  began  each 
to  have  an  epidemic  of  influenza  three  and  five  days  respectively  after  moving 
into  the  post,  although  these  regiments  had  previously  had  no  cases  of  in- 
lluenza,  while  the  other  regiment,  wliicli  did  not  enter  the  post,  had  no  epi- 
demic at  all.  On  account  of  the  short  interval  elapsing  l)etween  the  entry 
of  the  brigade  and  the  onset  of  the  epidemic,  as  well  as  the  fact  that  the  epi- 
demic in  Ihe  two  regiments  began  almost  simultaneously  it  would  seem  most 
likely  that  the  first  soldiers  to  be  afTected  acquired  their  infection  as  a  result 
of  living  in  infected  barracks  rather  than  from  carrier  or  incipient  cases 
among  the  post  personnel.  Had  the  infection  been  aci|nircd  tlirougli  the  hitter 
chainiels  one  would  have  ('X|)ectcd  a  longer  interval  l)ef(ire  the  onset  of  the 
epidemic,  for  there  was  not   nun-h  (ippurlunity  for  direct  contact  between  the 
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permaiieut  post  persomiel  and  the  members  of  the  visiting  brigades.  On  the 
whole,  then,  the  evidence  would  seem  to  point  to  the  view  that  the  58th 
Brigade  acquired  its  infection  as  a  result  of  moving  into  barracks  that  had 
previously  been  inhabited  l)y  an  infected  body  of  troops.  If  this  view  is 
correct,  it  must  be  as.sumed  that  the  more  immediate  source  of  infection  was 
the  dust  that  had  accumulated  on  the  floors  and  bedding  of  the  barracks  and 
had  been  contaminated  with  the  oral  secretions  of  the  men,  and  also  that 
the  virus  of  influenza  can  retain  its  virulence  for  several  days  under  such 
conditions. 

The  source  of  infection  in  the  case  of  the  next  brigade  is  not  quite  clear. 
It  is  quite  true  that  this  brigade  (the  6th)  had  little  or  no  respiratory  disease 
prior  to  its  entry  into  the  post,  and  the  fact  that  a  period  of  a  fortnight  inter- 
vened between  the  entry  of  this  brigade  into  the  post  and  the  beginning  of 
the  epidemic  indicates  that  the  brigade  was  not  infected  at  the  time  of  entry 
nor  was  it  on  the  verge  of  an  epidemic  at  that  time.  It  must  therefore  have 
acquired  its  infection  in  the  post  itself.  The  next  question  that  arises  is: 
Was  the  infection  acquired  as  a  result  of  moving  into  infected  barracks,  the 
actual  source  being  infected  dust  left  behind  by  the  predecessors,  or  Avas  it 
acquired  from  carriers  or  incipient  eases  among  the  post  personnel?  It  is 
almost  impossible  to  decide  this  question  conclusively  as  the  evidence  is  con- 
flicting. 

In  favor  of  the  view  that  the  infection  was  acquired  directly  from  the 
barracks  is  the  fact  that  those  regiments  (3rd  and  78th  F.  A.),  which  moved 
into  the  southwestern  group  of  barracks  suffered  most,  and  these  particular 
barracks  were  the  ones  that  had  been  occupied  by  the  regiments  of  the  pre- 
vious brigade  which  had  shown  the  largest  number  of  cases.  There  were 
proportionately  twice  as  many  cases  in  the  southwestern  group  as  in  the 
southeastern  group,  which  was  occupied  by  the  otlier  regiment  of  the  brigade, 
the  11th  Field  Artillery. 

Against  the  view  that  the  infection  was  acquired  from  the  barracks  is 
the  fact  that  the  southwestern  group  of  barracks  was  cleaned  fairly  thor- 
oughly before  the  troops  moved  in  and  also  the  fact  that  a  considerable  in- 
terval of  time  (a  fortnight)  elapsed  between  the  entry  of  the  troops  and  the 
onset  of  the  epidemic.  Had  the  6th  Brigade  acquired  its  infection  as  a  result 
of  moving  into  infected  barracks,  one  would  have  expected  the  epidemic  to 
commence  at  an  earlier  date. 

The  possibility  exists  that  the  infection  was  acquired  by  those  soldiers 
of  the  6th  Brigade  who  participated  in  the  cleansing  of  the  barracks  and  by 
this  means  the  disease  was  transmitted  to  others.  The  preliminary  part  of 
the  cleansing  process,  the  handling  of  the  bedding,  was  a  dusty  affair  and  the 
infection  may  well  have  been  acquired  in  this  manner  although  there  is  no 
positive  evidence  on  this  point.  The  fatigue  parties  that  did  the  work  were 
changed  daily  so  that  in  the  course  of  several  days  there  were  several  differ- 
ent groups  exposed. 

Again,  the  infection  may  have  been  acquired  from  the  permanent  post 
personnel.     There  were  always  cases  occurring  in  the  post  organizations  and 
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it  may  have  been  that  earriers  or  incipient  cases  in  these  organizations  served 
as  intermediaries  of  infection  for  the  incoming;  brigade.  On  the  ■whole  this 
view  seems  to  explain  the  source  of  infection  in  the  6th  Brigade  as  well  as 
any.  It  would  tit  in  with  the  longer  interval  of  time  elapsing  between  entry 
into  the  post  and  onset  of  the  epidemic  observed  in  the  case  of  this  brigade. 

The  origin  of  the  epidemic  in  the  last  brigade  to  enter  the  post,  the  156th 
Brigade,  is  not  of  particular  interest  as  the  brigade  underwent  its  epidemic 
while  billeted  in  neighboring  towns  and  entry  into  the  post  apparently  did 
not  alter  the  course  of  the  epidemic  in  the  brigade  in  any  manner. 

The  fact  that  during  the  Summer  and  Autumn  of  1918  three  brigades 
of  approximately  the  same  strength  entered  the  post  of  A.  P.  0.  704  and  were 
quartered  there  in  succession,  and  that  each  underwent  au  epidemic  of  in- 
fluenza which  was  more  severe  than  that  sustained  by  the  preceding  brigade 
would  indicate  that  the  virus  of  the  disease  became  progressively  more  viru- 
lent as  succeeding  groups  of  troops  were  attacked.  It  has  long  been  known 
that  the  virulence  of  bacteria  may  be  increased  by  successive  passage  through 
susceptible  animals.  The  epidemic  at  LeValdahon  would  seem  to  offer  an 
instance  of  increased  virulence  acquired  by  the  virus  of  influenza  as  a  result 
of  successive  human  passage.  This  assumption  would  explain  the  almost 
step-like  increases  in  severity  of  the  epidemic  as  observed  in  different  bri- 
gades. 

Against  such  au  explanation  of  the  increased  severity  of  the  individual 
"brigade  epidemic"  it  might  be  urged  that,  as  each  brigade  became  infected 
in  turn  and  moved  away  it  left  behind  a  greater  amount  of  infected  material 
and  as  a  result  each  incoming  brigade  received  in  turn  a  larger  dose  of  in- 
fecting material.  However,  this  argument  can  be  met  with  the  fact  that  the 
brigade  which  suffered  the  most,  the  6th,  moved  into  barracks  which  had 
been  .scrubbed  and  were  as  clean  as  it  was  possible  to  make  them  under  the 
existing  conditions,  and  also  that  the  cleansing  process  instituted  was  one 
calculated  to  remove  at  least  the  greatest  amount  of  such  infectious  material 
if  it  were  present.  In  view  of  the  fact  that  such  cleansing  measures  were 
instituted  before  the  brigade  moved  in,  one  would  certainly  not  have  expected 
in  that  brigade  a  more  severe  epidemic  than  that  sustained  by  the  preceding 
brigade  had  the  virulence  of  the  infecting  agent  and  the  resistance  of  the 
troops  remained  the  same.  The  evidence  is  strong,  therefore,  that  in  this 
particular  epidemic  we  have  a  fairly  clear-cut  demonstration  of  increased 
virulence  acquired  by  the  virus  of  infltienza  as  a  result  of  successive  passage 
through  human  hosts. 

The  chief  lesson  to  be  learned  from  the  epidemic,  from  a  military  stand- 
point, is  the  great  danger  of  moving  noninfected  bodies  of  troops  into  bar- 
racks in  which  thei"e  have  previously  been  organizations  affected  with  respi- 
ratory diseases  in  epidemic  form.  This  is  by  no  means  a  new  lesson.  In  the 
second  place  the  experience  at  LeTaldahon  shoAvs  that  not  even  cleansing 
measures  as  thorough  as  it  is  possible  to  make  them  under  good  campaign 
conditions  will  suffice  to  prevent  infeetinii  entirely.  It  would  seem  that  bet- 
tci-    ri'sulls   I'dnld    he   olitiiiiu'd    li\    :i    i-iiiii|)lrti'   avoidance   of    iiifi'dcd    barracks. 
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rather  than  liy  trusting  solely  to  the  simple  measures  of  cleansing  that  are 
possible  and  practicable  when  dealing  with  large  bodies  of  troops. 

E.    SUMMARY 

1.  During  the  period  July  1st  to  Mar.  1st,  1918,  a  respiratory  infection 
diagnosed  as  influenza  occurred  in  epidemic  form  among  United  States  troops 
located  iu  or  around  the  post  of  A.  P.  O.  704,  American  Expeditionary  Forces, 
France,  situated  at  the  French  Artillery  Camp  LeValdahon. 

2.  More  than  3,000  cases  occurred  in  this  epidemic. 

3.  Approximately  12  per  cent  of  these  cases  developed  pulmonary  com- 
plications, with  a  resultant  ease  mortality  rate  of  approximately  46  per  cent. 

4.  The  epidemic  manifested  itself  in  a  series  of  successive  outbreaks  as 
different  artillery  brigades,  hitherto  unexposed  to  the  disease,  were  in  turn 
exposed. 

5.  These  successive  outbreaks  tended  to  be  progressively  more  severe 
both  in  character  and  extent.  Evidence  has  been  brought  forward  to  indicate 
that  this  fact  was  due  to  increasing  virulence  acquired  by  the  infecting  agent. 
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A  NOTE  ON  THE  EFFECT  OF  AMINO  ACIDS  ON  THE  GROWTH  OF 
TUBERCLE  BACILLI* 


By  Peter  Masucci,  Glenolden,  Pa. 


I.   INTRODUCTORY 

THIS  experiment  was  undertaken  in  response  to  complaints  from  the  Tuber- 
culin Laboratory  that  for  several  months  the  growth  of  tubercle  bacilli 
on  glycerine  bouillon  was  very  scanty.  The  same  experience  was  reported 
by  several  laboratories  throughout  the  country.  Owing  to  the  change  in  the 
peptone  used,  the  peptone  was  held  as  the  cause  of  the  limited  growth.  It  is 
a  well-known  fact  that  amino  acids  are  essential  in  starting  the  growth  of 
bacteria.  They  include  elements  of  the  nuicli  more  complex  bacterial  protein. 
Amino  acids,  therefore,  are  the  ultimate  foodstuffs  from  which  bacteria  de- 
rive their  essential  requirement  of  nitrogen. 

Experience  had  shown  that  a  medium  rich  in  amino  acids  influenced  to 
a  marked  degree  the  growth  of  B.  diphtherite,  although  there  was  not  as  a 
rule  a  corresponding  increase  in  toxin  production.  Since  the  tubercle  bacillus 
is  a  very  slow  growing  organism,  it  was  thought  possible  that  a  glycerine 
bouillon  enriched  in  amino  acids  would  hasten  the  growth  as  well  as  increase 
it.  Glycerine  bouillon  was  prej^ared  containing  A-arious  amounts  of  amino 
acids,  and  the  effect  on  the  growth  of  the  tubercle  bacillus  was  carefully 
noted. 

II.   EXPERIMENTAL 

Glycerine  bouillon  was  prepared  according  to  standard  procedures  for 
bacteriologic  purposes.  The  meat  juice  was  prepared  by  the  cold  infusion 
method.  Five  hundred  grams  of  ground  beef  were  infused  in  1000  c.c.  of 
water  overnight.  The  material  was  filtered  and  the  iiltrate  made  up  to  1000 
c.c.  The  meat  juice  was  then  divided  into  two  parts,  to  one  (A),  was  added 
2  per  cent  "Difeo"  peptone;  to  the  other  (B),  1.7  per  cent  "Difco"  peptone 
plus  0.3  per  cent  "Aminoids"  (Arlington  Chemical  Co.).  The  reaction  of  both 
after  the  addition  of  5  per  cent  glycerine,  was  adjusted  as  nearly  as  po.ssible 
to  the  same  Ph+.  After  sterilization  a  sample  flask  from  each  lot  was  analyzed. 
The  solids,  a.sh,  and  total  nitrogen  were  determined  by  the  methods  of  the 
A.  0.  A.  C.  Special  precautions  were  taken  in  determining  the  solids  to  avoid 
the  volatilization  of  glycerine.  The  bouillon  was  heated  in  a  vacuum  oven 
to  a  constant  weight  at  75°  C.  for  48  hours.    Total  phosphorus  was  determined 
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bv  Sato"s^  colorimetrie  metliod.  Proteiu  nitrogen  was  found  by  saturating  tlie 
bouillon  with  ZnSO^  in  a  slightly  acid  solution,  and  a  Kjeldahl  determina- 
tion was  made  on  the  precipitate.  The  amino  acids  were  determined  by  the 
Van  Slvke  method.-  Both  lots  of  bouillon  were  adjiisted  to  PH  7.5  electro- 
metrically.  The  results  of  the  analyses  of  the  two  lots  are  given  in  the 
following  table  in  percentages: 

Table  I 


Solids 
9.22 
9.19 


Ash 
1.05 
1.00 


P,0- 
0.il6 
0.176 


X       X  ppt.  bv  ZnSO, 
0..-548  O.ilO 

0.369  0.098 


N  as  amino  acids 
0.098 
0.130 


It  will  be  seen  by  the  analyses  that  Lot  B  is  much  richer  in  amino  acids 
and  total  phosphorus  than  Lot  A.  Lot  B  has  31  per  cent  more  amino  acids 
and  50  per  cent  more  phosphorus  than  Lot  A.  The  larger  amount  of  phos- 
phorus in  Lot  B  is  perhaps  as  instrumental  in  influencing  the  growth  of  the 


tubercle  bacillus  as  the  amino  acids.  This  is  made  more  evident  when  we 
consider  the  chemical  constituents  of  the  tubercle  bacillus.  This  organism 
is  rich  in  lipoids  and  especially  in  nucleo-proteins  and  lecithin  proteins,  both 
substances  containing  phosphorus  in  their  molecule.  It  may  be  readily  seen, 
therefore,  that  phosphorus  plays  an  important  part  in  their  growth.  Both 
lots  of  bouillon  were  planted  with  B.  tuberculosis,  human  and  bovine  types, 
and  incubated  at  37=  C.  At  the  end  of  ten  days,  growth  on  Lot  A  was  very 
scanty.  Pellicle  formation  had  not  yet  started.  Lot  B  containing  the 
amin'oids,  showed  profuse  growth  with  a  complete  surface  pellicle.  The 
amount  of  growth  at  this  period  was  far  greater  than  that  of  Lot  A  after 
six  weeks  of  incubation.  The  bottle  to  the  left  (Fig.  1)  shows  the  growth 
of  Lot  B  and  the  one  on  the  right  that  of  Lot  A.  The  difference  m  growth 
is  verv  marked. 

Several  lots  of  glycerine  bouillon  were  made  containing  0.1  per  cent  to 
1  per  cent  aminoids.  The  best  growth  seems  to  take  place  in  bouillon  con- 
taining 0  3  to  0  5  per  cent  aminoids.  The  bouillon  now  used  m  the  Tuberculin 
Laboratory  contains  1.7  per  cent  "Difco"  peptone  and  0.3  per  cent  aminoids. 
The  results  obtained  are  very  satisfactory. 
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The  function  of  glycerine  iu  glycerine  bouillon  is  not  exactly  known. 
Some  writers  claim  that  the  tubercle  bacillus  does  not  utilize  glycerine.  How- 
ever that  maj^  be,  the  osmotic  pressure  of  Lot  A  and  B  was  determined  by  the 
cryoscopie  method.     The  results  are  given  in  the  following  table. 

Table  II 

Delta                             Osmotic  Pressure  in  Atmospheres 
A.                          2.610°                                                     31.33 
B. 2.580'' 30.98 

Ordinary  plain  bouillon  has  a  freezing  point  depression  of  0.6°  to  0.9°  C. 
or  an  osmotic  pressure  of  7.23  to  10.84  atmospheres.  Wliether  glycerine  plays 
any  other  function  or  not,  one  thing  is  certain,  it  increases  the  osmotic  pres- 
sure of  the  bouillon  threefold. 

SUMMARY 

Glycerine  bouillon  containing  1.7  per  cent  "Difco"  peptone  and  0.3 
per  cent  aminoids  has  about  30  per  cent  more  amino  acids  and  50  per  cent 
more  phosphorus  than  bouillon  made  with  2  per  cent  "Difco"'  peptone  alone. 
The  amino  acids  hasten  the  growth  of  B.  tuberculosis  by  furnishing  the  neces- 
sary form  of  nitrogenous  matter  for  the  building  of  the  more  complex  bac- 
terial protein.  The  increased  amount  of  phosphorus  probably  increases  the 
quantity  of  growth  as  that  latter  element  is  an  important  constituent  of 
nueleo  and  lecithin  pi'otein,  substances  found  abundantly  in  the  tubercle  bacilli. 

Whatever  the  function  of  glycerine  is  in  glycerine  bouillon,  it  is  certain 
that  the  osmotic  pressure  of  glycerine  bouillon  is  three  times  greater  than 
plain  bouillon. 
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"VARIATIONS  IN  THE  WASSERMANN  REACTION"— A  REPLY* 


By  Robert  A.  Kildufpe,  A.M.,  M.D.,  Pittsburgh,  Pa. 


TN  the  July,  1920,  number  of  this  Journal  appeared  a  paper  by  Wilsont  which, 
J-  as  tending,  perhaps,  to  confuse  the  clinician  depending  upon  the  Wasser- 
mann  test  as  a  source  of  information,  seems  to  invite  some  discussion. 
Briefly,  the  paper  emphasizes  the  following  points : 

1.  That  a  cholesterinized  antigen  is  more  sensitive  than  an  acetone-in- 
soluble extract  of  beef  heart. 

2.  That  a  cholesterinized  extract  may  give  a  slight  reaction  with  a  normal 
serum. 

3.  That  a  positive  Wassermann   may  he  had  in  le]n-osy,  frambesia,  "he- 
patic disease,"  and  scleroderma. 

4.  That  blood  taken  after  anesthesia  may  give  a  false  positive  reaction. 


•From  the  Laboratories  of  The  Pittsburgh  Hospital,  Pittsburgh,  Pa. 
tWilson:     Jour.   Lab.  and  Clin.   Med.,  July,   1920,  v,   No.    10,  670. 
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5.  That  serums  should  he  collected  in  sterile  tubes  and  examined  as  soon 
after  collection  as  possible. 

6.  That  "we  have  repeatedly  demonstrated  than  anticomplementary 
substances  develop  in  serums  if  kept  for  a  considerable  time,  which  not  only 
inhibit  hemolysis  in  antigen  and  control  tubes,  but  certain  substances  are 
formed,  presumably  by  bacterial  growth  or  action  on  some  substances  in  the 
blood  serum,  creating  an  inhibition  of  hemolysis  in  the  antigen  tubes  alone, 
causing,  perhaps,  a  negative  serum  to  become  positive." 

7.  That  care  should  be  taken  in  interpreting  the  significance  of  "weakly 
positive  up  to  two-plus  reactions"  in  cases  giving  a  negative  history  and 
without  symptoms  of  syphilis. 

8.  That  reactions  of  varying  degree  may  be  obtained  with  different  anti- 
gens and  the  same  serum. 

Many  of  the  above  statements  are.  of  course,  merely  repetitions  of  facts 
well  known  to  serologists  in  general  and  embody  nothing  new. 

That  cholesterinized  extracts  must  be  controlled  by  less  sensitive  anti- 
gens is  so  well  realized  that  it  is  safe  to  say  that  no  competent  serologist, 
now-a-days,  would  attempt  a  complement-fixation  test  with  less  than  two 
antigens — a  cholesterinized  extract  and  an  acetone  extract — the  Avriter  using, 
in  addition,  a  plain  alcoholic  extract  of  either  normal  beef  or  human  heart, 
or  luetic  liver. 

iloreover,  no  antigen  of  any  kind  should  be  used  whose  full  anticomple- 
mentary and  antigenic  dose  is  not  known,  and  which  has  not  been  tested, 
along  with  well-known  and  tested  antigens,  in  at  least  from  twenty  to  fifty 
tests  to  ascertain  that  its  reactions  are  consistent  and  reliable.  In  addition, 
knoAving  that  antigens  may  rapidly  and  suddenly  deteriorate,  all  antigens 
should  be  re-titrated  at  monthly  intervals. 

If  these  conditions  are  fulfilled,  fewer  inconsistent  and  inconstant  re- 
actions will  be  obtained. 

To  one  accustomed  to  using  a  triple  antigen  battery,  the  varying 
strength  of  reactions  obtained  with  varying  antigens  is  well  known.  It  has 
not  been  my  experience,  hoAvever,  that  the  untreated,  four-plus  case  gives 
anything  but  four-plus  Avith  all  three.  In  the  treated  case,  the  varying  re- 
actions with  varying  antigens  is  Avell-illustrated  and  can  be  utilized  as  a  means 
of  following  the  efficacy  of  the  treatment,  as  the  reaction  first  disappears  in 
the  plain  extracts,  then  in  the  acetone  extract,  and  lastly  in  the  cholesterin- 
ized extract  Avhich  may  disappear  very  slowly. 

In  regard  to  the  nonspecific,  positive  reactions  obtained  Avith  cholesterin- 
ized extracts :  Avhile  this  may  be  taken  as  the  attitude  of  serologists  in  general, 
time  alone  Avill  shoAv  if  this  error  is  as  marked  as  it  is  said  to  be,  and,  in  any 
event,  the  error  is  controlled  by  the  use  of  multiple,  less  sensitive  antigens. 

The  question  resolves  itself,  as  has  been  stated  time  and  time  again,  into 
one  of  the  interpretation  of  the  test,  and  not  the  test  alone,  a  matter  Avliich  I 
have  discussed  elsewhere.* 

In  the  unknoAvn  case,  submitted  for  diagnosis,  one  Avould  hesitate,  in  the 
presence  of  a  negative  reaction  with  all  but  the  cholesterinized  extract,  to 


'Kilduffe:     The  Practical  A'alue  and  Utilization  of  the  Wassermann  Test 
Diagnosis,  Jan.,   1920. 
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fortliwitli  diairiKise  syphilis.  PLxperience,  however,  would  indicate  the  ad- 
visability of  a  repetition  of  the  test  after  a  short  course  of  antiluetic  treat- 
ment, in  other  words,  a  "provocative  Wassermann. " 

With  the  same  reaction  in  a  patient  under  treatment,  or  where  the  his- 
tory is  to  be  had,  such  a  reaction  can  justly  be  interpreted  as  indicatin<^  the 
necessity  for  further  treatment. 

In  the  weakly  positive  case  -without  history  or  symptoms,  it  is  a  simple 
matter  to  repeat  the  test  with  another  triple  antigen  battery,  or,  better  still, 
to  do  a  provocative  Wassermann  which  is  likely  to  be  plainly  positive.  That 
a  positive  Wassermann  may  occur,  in  the  absence  of  syphilitic  infection,  in 
leprosy  and  yaws  is  well  known.  Yaws  has,  for  its  etiologic  agent  a  spiro- 
eheta,  (Spirochetas  pertenuis)  whicli  is  almost  indistinguishable,  morphologi- 
cally, from  Treponema  pallidum — a  fact  which  may  account  for  the  occur- 
rence of  the  reaction.  In  any  event,  neither  lepro.sy  nor  yaws  should  be  mis- 
taken for  syphilis,  so  that  this  fact  does  not  vitiate  the  reliability  of  the 
Wassermann. 

That  a  positive  Wassermann,  in  the  absence  of  syphilis,  may  also  be  had 
in  "hepatic  diseases"  in  general,  is,  jierhaps,  not  so  universally  admitted; 
and  that  positive  reactions  obtained  in  "hepatic  diseases"  are  always  ob- 
tained in  the  absence  of  syphilis,  is.  perhaps,  debatable. 

The  question  of  positive  reactions  in  scleroderma  cannot  be  given  a 
marked  importance  as  affecting  the  reliability  of  the  test,  for,  occasionally, 
syphilis  and  scleroderma  are  co-existent  and,  when  this  is  not  the  case,  the 
condition  is  one  not  easily  confused  with  syphilis.  The  cause  of  scleroderma 
being  entirely  unknown,  it  is  not  beyond  the  bounds  of  probability  that  the 
positive  reactions  may  arise  from  the  same  combination  of  circumstances 
I'esponsible  for  them  in  frambesia — the  presence  of  a  spirocheta  closel.v  re- 
lated to  the  Treponema  pallidum. 

The  knowledge  of  the  necessity  of  sterile  glassware  and  of  collecting  and 
keeping  serums  under  aseptic  conditions  goes  back  to  the  daj's  of  the  first 
description  of  the  test,  and  the  necessit,y  for  avoiding  bacterial  contamination 
is,  likewise,  Avell  known. 

It  is  with  the  last  statement  in  the  paper  that  this  reply  is  principally 
coiicei')i('d.  If  it  is  true  that  "bacterial  contamination  and  bacterial  action  on 
some  substance  in  the  blood  serum,"  will  create  "an  inhibition  of  hemolysis  in 
the  antigen  tubes  alone,  thus  causing  a  negative  serum,  perhaps,  to  become 
positive"^ — this  statement,  though  justly  qualified  by  "perhaps,"  should 
arouse  much  interest.  Certainly,  the  exact  methods  whereby  such  a  conclu- 
sion couhl  be  reached  should  be  known,  so  that  the  observation  may  be  re- 
jicatcd  and  confirmed  by  otbei's. 

Personally,  the  M'riter  feels  that  a  eoniiilenieiil-fixat  ion  test  ]ii'oi)er]y  ]ier- 
formed,  with  antigens  whose  anticompleiuentary  ami  antigenic  range  is  defi- 
nitely known,  and  in  the  presence  of  adequate  controls,  tvhen  properly  inter- 
preted, constitutes  a  safe  and  reliable  guide  to  the  diagnosis  of  syphilitic  in- 
fection. 

The  absence  of  a  history  is  7iot  always  to  be  relied  u])on:  the  absence  of 
symptoms  readil.v  detectable,  is  a  phenomenon  of  frequent  occurrence  in  this 
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protean  disease ;  and  tlie  conditions  other  than  syphilis  in  which  a  positive 
fixation  may  occur  are  too  morphologically  distinct  to  be  a  justifiable  cause 
for  confusion. 

That  the  reaction  has  its  limits  of  delicacy  is,  of  course,  well  known,  and 
it  is  to  be  hoped  that  there  are  few  clinicians,  and  still  fewer  serologists  who 
would  place  absolute  dependence  upon  a  single  negative  Wassermann  as  in- 
dicating absolute  freedom  from  syphilitic  infection;  conversely,  the  occur- 
rence of  a  positive  below  the  foiir-plus  variety,  is  to  be  always  intelligently 
interpreted  in  terms  of  its  relation  to  the  patient  and  his  condition. 


APPARATUS  FOR   STAINING  AND  DRYING  SLIDES 


By  Frederick  H.  Lamb,  M.D.,  Davenport,  Iowa 


THE  accompanying  diagram  represents  an  appai-atus  for  staining  and  dry- 
ing microscopic  slides,  which  I  have  used  in  laboratory  work  for  five  or 
six  years.  It  is  easily  made  by  any  copper-smith,  inexpensive  and  has  proved 
to  be  very  satisfactory. 

The  apparatus  consists  simply  of  an  oblong  box,  made  of  sheet  copper, 
preferably,  although  galvanized  sheet  iron  will  serve  the  purpose  and  is  less 
expensive.     The  top  of  the  box  as  it  stands  in  the  diagram  is  open.     Along 
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each  side  and  directlj'  opposite  to  each  other,  there  are  small  slots  i/g"  wide 
and  14"  deep  spaced  1"  apart,  in  which  slides  may  be  placed  to  drain  and 
dry.  The  bottom  of  the  box  consists  of  a  piece  of  sheet  copper  with  flanged 
edges  and  placed  as  shown  in  the  diagram.  This  serves  as  a  stand  or  base 
for  a  micro-burner.  One  side  of  the  bos  is  cut  out  as  shown,  so  that  the 
burner  may  be  moved  from  one  end  to  the  other,  depending  on  the  tempera- 
ture which  is  desired  under  the  .slides.    About  half  way  between  the  bottom 
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and  toj)  of  the  box  tliero  is  a  piece  of  copper  sheeting  with  edges  flanged  and 
inclined  as  shown  in  the  sketch.  This  acts  as  a  heat  deflector.  It  does  not 
extend  across  the  entire  width  of  the  box,  but  stops  short  of  one  end  at 
about  11/2  inches,  so  that  if  necessary  heat  from  the  burner  ma.v  pass  directly 
up  to  the  slide.  The  over-all  dimensions  arc:  8"  wide,  7"  high  and  2"  deep. 
The  width  may  be  increased  an  inch  or  two  to  accommodate  more  slides  if 
so  desired. 

The  apparatus  is  especially  useful  in  staining  with  carl)ol-fuchsin  for 
tubercle  bacilli.  The  slide  may  be  placed  in  the  position  "A"  and  with  the 
microburner  in  position  "X,"'  there  will  be  just  enough  heat  to  cause  the 
stain  to  steam.  With  a  slide  in  position  "B"  the  temperature  is  about  10°  C, 
above  room  temperature. 

Aside  from  its  direct  usefulness,  the  apparatus  affords  a  safe  and  clean 
way  of  handling  infectious  material. 


BLOOD  CHANGES  IN  A  CASE  OF  HEMOPHILIA  AFTER 
TRANSFUSION^i^ 


By  Harold  A.  Bulger,  M.D.,  Boston,  Mass. 


ALTHOUGH  the  use  of  Blood  serum  and  blood  transfusion  in  hemorrhagic 
diseases  is  not  an  uncommon  procedure,  there  are  few  instances  on  record 
in  which  even  the  effect  on  the  coagulation  time  has  been  described.  It  is  of 
interest,  therefore,  to  report  the  following  study  of  tlie  changes  in  the  factors  of 
coagulation  in  a  ease  of  hemophilia. 

It  is  well  recognized  that  the  results  of  transfusion  in  hemophilia  are  tem- 
porarily beneficial  even  if  they  are  not  permanent.  How  lasting  the  results 
are  is  not  definitely  known.  Information  on  this  question  would  be  of  value  as 
indicating  whether  the  degree  of  change  is  great  enough  to  allow  operative  pro- 
cedure. 

Minot  and  Lce^  report  a  case  with  coagulation  time  of  150  minutes.  After 
transfusion  of  600  c.e.  of  human  blood  (method  not  stated)  the  coagulation 
time  was  noi-mal,  but  in  three  days  it  was  60  minutes  and  in  five  days  100  min- 
utes. Addis-  reports  two  cases.  In  one,  injected  intravenously  with  15  c.e. 
of  human  serum,  the  coagulation  time  was  62  minutes  before  and  24  minutes 
after  injection.  After  twelve  days  it  had  risen  to  127  minutes  but  in  three 
weeks  had  fallen  to  86  minutes.  The  second  case  was  transfused  with  300  c.e. 
of  phosphated  blood.  Before  transfusion  the  coagulation  time  was  245  minutes; 
after  transfusion  24  minutes.  After  twenty-five  days  the  coagulation  time  was 
200  minutes  and  at  that  time  8  c.e.  of  human  serum  injected  intravenously 
brouglit  it  down  to  38  minutes. 

A  lioy  (R.  E.  W.,  Med.  No.  11486),  age  14  years,  with  a  lypical  niniiiy  his- 
tory of  hemophilia,  had  liad  attacks  of  swelling  in   tlic  joints  iind  at   one  time 


•From  the  Mcilital  Clinic  of  the   IVtcr   I'.eiU    lirigham   Iliispit.il,   lioston,   Mass. 
This  is  -study  No.  8  of  a  scries  of  studies  on  the   physiology  and  pathology  of   the  blood   fr 
rd  Medical   School  and  allied  hospitals. 
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very  serious  bleeding  after  the  extraction  of  a  tootli.  For  the  past  five  years 
he  had  repeated  attacks  of  hematuria  averaging  about  two  weeks  in  duration. 
Three  weeks  before  admission,  following  whooping  cough,  blood  appeared  in  tlie 
urine  again,  and  the  night  before  admission  his  left  knee  became  greatly  swol- 
len. During  his  stay  in  the  hospital  the  hematuria  gradually  disappeared  but 
the  other  knee  became  swollen  and  later  both  elbows  became  involved.  He  was 
transfused  by  Dr.  Cunningham  with  300  c.e.  of  his  mother's  blood  by  the  citrate 
method,  and  following  this  the  swelling  gradually  subsided.  Eleven  days  after 
transfusion  his  right  elbow  and  ankle  both  showed  fluctuant  swelling  again  but 
they  rapidly  subsided.    Hematuria  did  not  recur. 

Just  before  transfusion  and  at  various  intervals  following,  blood  was  ob- 
tained by  veni-puucture  in  a  glass  syringe  rinsed  in  salt  solution.  Part  of  the 
blood  was  used  to  determine  the  coagulation  time  while  the  remainder  was  oxa- 
lated  and  the  oxalated  plasma  separated.     On  most  occasions  a  normal  control 
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specimen  was  obtained  in  a  like  manner.  With  each  specimen  of  oxalated  plasma 
the  "so-called"  prothrombin  time  was  determined  by  the  method  described  by 
Howell  and  also  the  effect  of  adding  thromboplastin  solution  on  the  coagulation 
of  the  oxalated  plasma.     The  changes  are  shown  by  the  accompanying  graphs. 

COMMENT 

It  will  be  noted  that  the  day  following  transfusion  the  blood  was  practi- 
cally the  same  as  the  control,  but  that  the  coagulation  time  and  prothrombin 
time  gradually  lengthened.  One  month  later  they  were  still  less  than  before 
transfusion.  There  was  no  marked  change  in  the  blood  found  to  corre.spond 
to  the  slight  bleeding  into  the  joints  found  on  the  eleventh  day. 

The  effect  of  thromboplastin  on  the  clotting  of  the  oxalated  plasma  is  of 
interest  in  relation  to  the  cause  of  hemophilia.  It  has  been  suggested  that 
hemophilia  is  due  to  insufficient  prothrombin  in  the  blood,  but  in  this  case 
the  addition  of  thromboplastui  to  the  oxalated  plasma  caused  it  to  coagulate 
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as  well  as  the  normal  control.     This  suogests  that  there  was  sufficient  pro- 
thrombin and  that  thromhoi)lastin  was  lacking. 
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A  SIMPLE  METHOD  OF  ISOLATING  BACTERIA  FROM  PATHOLOGIC 

MATERIAL=i= 


By  H.  C.  Klix,  Detroit,  Mich. 


nPHE  object  of  this  paper  is  to  present  a  simple  and  rapid  method  for  the 
1  isolation  of  bacteria  from  pathologic  material.  It  has  been  used  by  the 
writer  for  a  number  of  years  in  the  routine  examination  of  mixed  cultures, 
pus,  sputum,  and  other  material  submitted  for  the  preparation  of  autogenous 
vaccines.  It  offers  a  number  of  advantages  over  the  ordinary  plating  method. 
The  use  of  Petri  dishes  is  not  only  cumbersome,  but  is  uuadapted  to  cer- 
tain culture  media,  particularly  those  containing  uuheated  body  fluids.  The 
exposure  incident  to  handling  plates  also  increases  the  danger  of  contamina- 
tion. The  follow'ing  method  overcomes  these  disadvantages,  is  simple  of 
execution,  and  can  be  satisfactorilj'-  applied  to  practically  all  bacteriologie 
examinations. 

EQUIPMENT 

A  few  tubes  of  suitable  culture  media,  usually  ascites  agar  slants,  a  small 
tube  of  bouillon,  and  a  platinum  loop. 

TECHNIC 

One-fourth  c.e.  of  bouillon  or  water  of  condensation  is  pipetted  into  each 
of  four  tubes  of  solid  media  and  the  tubes  numbered  I,  II,  III,  and  IV.  A 
small  amount  of  pathologic  material  is  transferred  to  Tube  I  and  mixed  by 
means  of  platinum  wire  with  liquid  (bouillon  or  water  of  condensation). 
Two  or  three  loopfuls  of  the  bouillon  in  Tube  I  are  transferred  to  Tube  II  and 
mixed  as  before.  Two  loopfuls  of  bouillon  from  Tube  II  are  transferred  to 
Tube  III.    One  loopful  from  Tube  III  is  transferred  to  Tube  IV. 

Tubes  are  shaken  to  break  up  any  clumps  of  original  material  or  bacteria, 
and  bouillon  is  allowed  to  run  over  the  entire  surface  of  the  slant  by  properly  in- 
clining the  tube.  Tubes  are  placed  in  rack  in  upright  position  and  trans- 
fcri-ed  to  inculiator.  After  24  hours'  incubation  isolated  colonies  are  picked 
up  by  means  of  i)laliinnii  wire  and  transferred  to  individual  tubes  of  culture 
media. 

Somewhere  in  tiie  series  nicely  isolated  cdlonies  will  he  fouud  which  can 
be  readily  picked  up. 

The  chief  advantage  of  this  method  aside  from  its  simplicity  is  its  adapt- 
abilitv  to  any  kind  of  culture  media. 
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EDITORIALS 


Influenza  and    Tuberculosis 

FOLLOWING  the  1918  aiid  1920  epidemics  of  influenza,  there  has  arisen 
in  the  literature  some  controversy  regarding  the  effect,  if  any,  of  influenza 
on  tuberculous  individuals.  This  has  centered  particularly  on  the  question 
whether  tuberculosis  produces  some  degree  of  immunity  to  influenza,  and 
whether  the  latter  on  the  other  hand  predisposes  either  to  the  lighting  up 
of  a  latent  tuberculosis,  or  to  a  new  infection  with  the  tubercle  bacillus. 
Keen  observers  in  the  field  of  tuberculosis  who  have  had  apparently  equal 
opportunities  to  study  the  effects  of  the  pandemic  differ  radically  in  their 
conclusions. 

After  the  1889-1893  epidemics,  Leichteustern  recorded  that  the  mortality 
tables  of  all  countries  agree  in  showing  considerable  rise  in  the  mortality 
from  pulmonary  tubereulo-sis  in  influenza  periods.  The  clinicians  of  that 
time  made  the  frequent  observation  that  the  course  of  tuberculosis  in  the 
lungs  is  markedly  and  unfavorably  influenced  by  grip  and  its  pneumonic 
complications.  Latent  quiescent  cases  often  became  active,  and  healed  and 
healing  foci  broke  out  anew.  Afebrile  cases  were  changed  to  the  hectic  type 
and  frequently  hemoptysis  was  induced.     In  London,   during  the  height  of 
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the  1880  epidemic,  the  weekly  death  reports  from  phthisis  rose  to  doulile  the 
average.  The  increase  in  death  rate  during  the  epidemic  period  was  not 
limited  entirely  to  tuberculosis,  but  there  was  almost  a  doubling  of  deaths 
due  to  all  acute  respiratory  infections.  After  the  cessation  of  the  epidemic, 
however,  there  was  some  decrease  in  the  general  mortality,  as  Avell  as  in  the 
mortality  from  respiratory  infections.  This  was  especially  true  of  deaths 
from  pulmonary  tuberculosis,  which  decreased  to  such  an  extent  that  the 
total  mortality  rate  for  the  year  for  this  disease  was  little  greater  than  for 
preceding  years. 

Similar  observations  have  been  made  following  the  1918  pandemic.  Jor- 
dan remarks  that  in  New  York  City  in  1918  during  the  two  Aveeks  of  maxi- 
mum epidemic  mortality,  the  deaths  reported  from  pulmonary  tuberculosis 
numbered  430,  as  compared  with  264  for  the  corresponding  Aveeks  of  1917. 
Vaughan  and  Palmer  found  that  the  deaths  from  tuberculosis  in  the  army 
were  higher  in  the  autumn  of  1918  than  in  the  two  previous  four  months' 
periods,  the  death  rate  rising  from  18  per  100,000  during  the  summer  to  46 
per  100.000  in. the  autumn.  The  rate  for  the  same  time  of  the  preceding  year 
had  been  15  per  100,000.  They  assume  that  the  most  plausible  explanation 
for  this  increase  in  deaths  is  that  dormant  and  incipient  eases  introduced  into 
the  army  during  the  preceding  year  had  accumulated  and  possibly  Avere 
hastened  into  the  acute  stage,  both  by  the  duties  of  camp  life,  and  the  preva- 
lence of  the  epidemic  of  grip  and  pneumonia.  Quite  naturally  there  have 
been  from  the  time  of  the  first  assembling  of  troops  an  accumulation  of  tuber- 
culous individuals,  inasmuch  as  such  men  AA^ere  not  discharged,  but  Avere  kept 
in  the  ai-my  and  under  Government  control  and  superA'ision.  Sir  Arthur 
NcAvsholme  in  revicAving  the  relationship  betAveen  influenza  and  tuberculosis 
in  England  remarked  that  so  far  as  the  national  statistics  in  that  country  are 
concerned,  every  year  shoAving  an  extensive  death  rate  from  the  former  has 
been  folloAved  by  a  year  in  Avhich  the  death  rate  from  the  latter  has  been  ex- 
cessive. Pie  concludes  that  many  deaths  from  tuberculosis  are  undoubtedly 
hastened  during  an  influenza  epidemic.  Abbott  Avrote  of  the  epidemic  of  1889 
in  Massachusetts  that  the  chief  diseases  AA-hich  folloAved  in  its  train  and  Avere 
intimately  associated  with  it  were  bronchitis  and  pneumonia,  and  that  phthi- 
sis AA-hen  already  existing  in  the  victim  of  the  attack  Avas  undoubtedly  aggra- 
vated and  in  many  cases  a  fatal  termination  Avas  hastened.  Bakhvin  says 
that  influenza  is  a  frequent  and  important  agent  in  bringing  latent  tubercu- 
losis to  life.  "AlloAving  for  mistakes  in  diagnosis  in  w  liich  the  presence  of 
tuberculosis  is  OA'erlooked,  influenza  must  be  classed  as  an  iiniiortant  exciting 
cause,  if  not  a  true  predisposition." 

In  frank  opposition  to  the  foregoing  authorities,  Fishberg  claims  that 
influenza  has  had  no  effect  Avhatever  on  the  course  of  tuberculosis.  He  says 
that  a  large  proportion  of  tuberculous  patients  under  treatment  in  Ncav  York 
City  in  1918-1919  contracted  the  disease  and  not  a  single  one  succumbed. 
This  appears  as  rather  an  inclusive  statement.  He  goes  on  to  say  that  some 
Avere  in  the  far  advanced  stages  of  the  disease,  Avith  large  cavities  in  the 
lungs,  and  yet  they  passed  through  the  acute  symptoms  and  recovered,  the 
tuberculous  process  then   pursuing  its  course  as  if  no   complicating  disease 
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had  affected  tlieui.  He  believes  that  the  prognosis  was  if  anything  better  in 
those  who  suffered  from  tuberculosis  or  auj-  other  chronic  pulmonary  disease, 
such  as  asthma,  bronchitis,  emphysema,  bronchiectasis,  than  in  those  in  whom 
the  lungs  and  bronchi  had  been  apparently  in  healthy  condition.  Fishberg 
observes  that,  instead  of  lighting  up  the  tuberculosis,  the  influenza  runs  a 
milder  course  than  when  attacking  healthy  persons,  and  the  old  lung  lesion 
remains  in  about  the  same  condition  as  could  be  expected  if  no  complicating 
process  had  attacked  the  patient.  He  says  that  authors  who  have  asserted 
the  contrary  have  based  their  arguments  mainly  on  the  fact  that  many  tuber- 
culous patients  date  the  onset  of  their  tuberculosis  as  concurrent  with  au 
attack  of  influenza;  that  many  patients  suffering  from  phthisis  state  that 
ever  since  au  intercurrent  attack  of  influenza  the  symptoms  of  tuberculosis 
have  become  more  pronounced;  that  the  Pfeiffer  bacillus  has  been  found 
quite  frequently  in  the  sputum  of  tuberculous  patients,  especially  that  de- 
rived from  pulmonary  cavities ;  and  that  in  some  countries  it  has  been  noted 
that  during  and  soon  after  an  epidemic  of  influenza  the  mortality  from 
tuberculosis  was  increased. 

He  believes  that  manj'  of  the  conditions  diagnosed  as  influenza  have  been 
no  more  than  ordinary  colds  and  that  the  average  patient  will  call  any  upper  res- 
piratory tract  infection  grip  during  or  around  the  time  of  an  epidemic.  He 
further  believes  that  a  misdiagnosis  of  tuberculosis  is  frequently  made  in 
influenza  convalescents  who  show  some  signs  of  moisture  in  their  lungs  which 
does  not  clear  up  for  some  time,  causing  doubt  in  the  mind  of  the  examiner 
but  which  is  not  truly  tuberculous  in  origin.  Fishberg  cites  P.  J.  Murphy, 
Hawes,  Armstrong,  McKae,  and  Dickinson,  as  well  as  Geiber  and  Schlesiuger 
in  Vienna,  and  Rickmauu  and  Ladeck  in  Germany,  as  having  observed  the 
same  phenomenon  of  relative  insusceptibility  of  tuberculous  patients  and 
failure  of  influenza  to  hasten  the  progress  of  tuberculosis.  He  also  calls  at- 
tention to  the  low  incidence  of  influenza  in  tuberculosis  sauatariums,  but 
apparently  compares  this  incidence  with  the  incidence  for  the  public  at 
large,  and  not  with  that  in  similar  institutions  devoted  to  the  care  of  invalids 
with  diseases  other  than  tuberculosis,  or  with  other  institutions  in  general. 

Amberson  and  Peters,  as  weU  as  Minor,  take  sharp  exception  to  the 
statement  of  Fishberg  and  the  former  have  collected  the  evidence  against 
Fishberg 's  view.  They  first  point  out  that  a  comparison  of  the  incidence  of 
5.4  per  cent  among  hospitalized  tuberculous  patients  at  Chicago  cannot  be 
compared  with  a  much  higher  incidence  of  the  epidemic  in  the  varioiis  mili- 
tary camps.  As  Heiser  has  pointed  out,  the  mere  quartering  of  men  in  bar- 
racks seems  to  have  a  tendency  to  increase  the  risk  from  acute  respiratory 
diseases.  Furthermore,  the  incidence  at  some  sanatoria  was  low,  while  at 
others  it  was  high,  nearly  as  high  as  for  the  community  at  large.  In  Hawes' 
report  of  the  epidemic  among  the  Massachusetts  sanatoria,  Lakeville  had 
escaped  entirelj',  while  Rutland  which  consisted  chiefly  of  ambulatory  cases 
less  easily  controlled,  had  an  influenza  incidence  of  18.3  per  cent  among  the 
patients,  and  21.3  per  cent  among  the  employes.  At  Montefiore  Home,  the 
proportion  of  tuberculous  patients  and  employes  contracting  the  infection 
was  practically  the  same   as  among  the  nontuberculous   employes,   and   about 
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the  same  lu'i-eeiitagc  of  botli  groups  developed  evidence  of  broiicho-pueu- 
inoiiia. 

Still  another  fallacy  in  the  coinparison  of  incidence  in  institutions  and 
the  like  is  ])roved  by  the  work  done  by  Jordan,  Reed  and  Fink,  who  found 
that  in  the  various  Chicago  telephone  exchanges  the  attack  rate  varied  from 
5  per  cent  to  27  per  cent,  although  the  working  conditions  were  approxi- 
mately the  same.  The  attack  rate  in  one  section  of  the  students  army  train- 
ing corps  in  Chicago  was  3.9  per  cent,  while  in  another  section  particularly 
exposed  to  infection  it  was  39.8  per  cent.  Similarly  Frost  found  the  inci- 
dence in  Louisville,  Kentucky,  to  be  15  per  cent,  and  in  San  Antonio,  Texas, 
53.3  per  cent.  All  of  these  figures  show  the  difficulty  of  comparing  rates  for 
various  institutions  and  various  groups  of  individuals.  Although  Fishberg 
quoted  Eickmann  in  support  of  his  contention  that  influenza  has  no  effect 
whatever  upon  tuberculosis,  Amberson  and  Peters  used  his  work  in  support 
of  their  contention,  and  call  attention  to  the  fact  that  in  30  out  of  40  tuber- 
culous persons  reported  by  him  who  had  contracted  the  grip,  the  attack  did 
not  produce  any  aggravation  of  the  lung  condition.  Presumably  it  did  in 
the  other  ten.  If  even  25  per  cent  of  tuberculous  patients  who  contract  in- 
fluenza have  their  pulmonary  condition  aggravated,  this  should  be  regarded 
as  a  notable  number.  According  to  Stivelman,  11.4  per  cent  of  tuberculous 
influenza  cases  died  at  Montefiore  Home.  In  a  survey  of  convalescents  from 
the  Loomis  Sanatorium,  Amberson  and  Peters  found  that  70  had  contracted 
influenza,  or  5.7  per  cent  of  the  number  surveyed,  and  that  11.4  per  cent  of 
these  had  had  relapses  of  their  pulmonary  condition,  apparently  due  to  the 
acute  disease,  while  22.9  per  cent  had  died  from  the  intercurrent  infection. 
Two  and  eight-tenths  per  cent  were  deaths  due  to  tuberculosis  after  convales- 
cence from  the  influenza.  Tubercle  bacilli  have  been  found  in  the  sputa  of 
■convalescent  grip  patients,  whose  sputa  had  previously  been  negative,  by 
Amberson  and  Peters,  as  well  as  by  Berghoff,  at  Camp  Grant.  The  latter 
found  that  50  per  cent  of  his  eases  showed  a  reactivation  and  a  positive 
sputum  after  an  attack  of  influenza. 

Amberson  and  Peters  agree  Avitli  Fishberg  in  the  observation  that  there 
has  been  no  increase  in  the  general  mortality  from  tuberculosis  within  the 
recent  months,  and  suggest  as  an  explanation  the  possibility  that  during  the 
epidemic  enough  of  the  old  cases  were  carried  off  to  account  for  a  temporary 
lull  until  ncM'  cases  developed,  or  others  had  time  to  reach  later  stages  of  the 
disease.  As  we  have  previously  remarked,  Leichtenstern  observed  this  same 
phenomenon   fdllnwin'j'  the  1889-1890  epidemic. 

The  state  of  our  knowledge  of  influenza  and  tuberculosis  is  considerably 
clouded  by  divergent  opinions  such  as  those  quoted  above.  To  further  com- 
I)licatc  the  picture,  there  are  other  authors  who  assume  a  middle  ground  and 
contend  that  there  is  some  truth  in  both  liiies  of  contention.  Thus,  Amelung 
believes  that  the  mor])idity  among  patients  with  pulmonary  tuberculosis  is 
slight,  and  that  the  grip  takes  a  milder  course  in  such  patients  than  in  the 
nontubercnlous  unless  the  disease  is  far  advanced,  but  that  pulmonary  tuber- 
culosis may  and  sometimes  does   follow   the  disease  in  ])atients  whose  lungs 
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were  previously  sound,  aud  that  iu  the  last-meutioued  cases  the  prognosis  is 
relatively  bad.  Peek  finds  that  in  some  tuberculous  patients  the  disease  has 
been  aggravated,  but  in  the  majority  the  intercurrent  influenza  did  not  ap- 
pear to  have  been  the  causative  factor  in  the  acute  exacerbation  of  the  tuber- 
culosis. 

Debre  aud  Jaequet  have  reviewed  the  European  literature  on  the  subject 
pro  and  con,  aud  though  they  admit  that  there  are  exceptions,  as  at  I'hopital 
Tenon,  where,  in  a  barracks  reserved  entirely  for  female  tuberculosis  patients 
there  was  a  veritable  epidemic  of  grip,  29  per  cent  of  the  28  being  attacked 
in  a  few  days;  and  at  the  sauatorium  de  La  Tronche,  where  83  per  cent  took 
ill  between  the  25th  of  September  and  the  20th  of  October;  that  as  a  rule 
tuberculous  individuals  are  less  heavily  attacked  by  the  influenza  than  are 
the  uoutuberculous.  As  they  suggest,  the  first  explanation  that  comes  to  miud 
is  that  the  tuberculous  are  isolated  in  the  hospitals  where  general  hygenie 
conditions  are  good,  but  we  have  all  seen  otlier  institutions,  hospitals,  etc.,. 
in  which  the  inmates  were  not  spared  as  they  were  iu  tuberculosis  hospitals. 
Furthermore,  in  certain  sanatoria,  such  as  the  sanatorium  of  the  Cote  Saint- 
Andre,  and  Bligny,  and  several  German  sanatoria,  the  proportion  of  tubercu- 
lous iudividuals  attacked  was  very  much  less  than  that  of  the  professional 
attendants,  the  physicians  and  nurses.  Again,  where  eases  have  occurred  in 
these  hospitals,  and  little  precaution  was  taken  to  prevent  its  spread,  very 
few  other  individuals  took  sick.  Finally,  many  have  noted  the  infrequeuey 
of  the  disease  even  in  those  tuberculous  individuals  who  were  living  at  home. 
It  has  been  suggested  that  rest  iu  bed  from  the  beginning  of  the  attack 
explained  the  mildness,  or  that  the  immunity  resulting  from  the  infection 
with  pneumococeus,  streptococcus,  etc.,  in  tuberculous  individuals  explained 
the  absence  of  pulmonary  complications.  JMarfan,  who  observed  this  same 
phenomenon  in  1890,  suggested  that  it  might  be  due  to  a  refractory  state  of 
the  tubercle  bacillus  against  the  virus  of  influenza.  Debre  and  Jaequet  con- 
elude  that  none  of  these  explanations  is  satisfactory. 

Having  concluded  that  tuberculosis  does  protect  in  some  measure  against 
influenza,  Debre  and  Jaequet  next  discu.ss  whether  the  latter  has  increased 
the  severity  of  tuberculosis  iu  the  subjects  who  Avere  already  tuberculous. 
They  review  the  literature  and  make  their  conclusions,  not  from  statistical 
records,  but  from  general  observations.  They  consider  first  those  cases  of 
phthisis  which  are  open  cases  when  attacked,  and  second,  latent  tuberculosis. 
Their  conclusion  concerning  the  first  group  is  that  influenza  does  not  have 
any  effect  on  the  rapidity  of  evolution  of  the  tuberculous  process,  except  in 
very  rare  instances,  such  as  an  occasional  case  of  miliary  tuberculosis  fol- 
lowing grip.  As  regards  latent  tuberculosis,  however,  they  do  believe  that 
the  intercurrent  acute  infection  does  cause  iu  many  cases  a  lighting  up  of  a 
previously  entirely  dormant  tuberculosis.  It  seems  rather  difficult  to  recon- 
cile the  two  ideas.  If  one  type  of  tuberculous  individual  is  rendered  more 
susceptible  to  the  ravages  of  consumption,  it  would  seem  reasonable  to  ex- 
pect that  all  types  would  be  so  affected. 

The  o-reatest  difficulty  in  reaching  a  conclusion  regarding  the  effects  of 
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influenza  on  tuberculosis,  and  vice  versa,  is  due  to  tlie  fact  that  the  individuals 
studied  are  in  all  stages  of  the  disease,  and  that  each  individual  reacts  differ- 
ently and  in  his  own  way.  Opinions  have  been  based  chiefly  on  clinical  ob- 
servations, and  not  on  statistical  study  of  large  series  of  cases,  while  from 
the  nature  of  the  conditions,  even  statistical  studies  Avould  not  be  without 
great  fallacy. 

Armstrong,  who  has  made  as  nearly  a  complete  statistical  study  as  is 
possible  under  the  circumstances  found  that  in  Framingham,  Massachusetts, 
16  per  cent  of  the  entire  population  was  affected  with  influenza,  but  only  4 
per  cent  of  the  tuberculous  group  in  the  community  was  so  affected.  Most 
of  these  latter  were  of  the  arrested  type  and  were  going  about  the  community 
taking  their  part  in  industry  and  exposed  to  the  same  degree  of  contact  as 
was  the  case  with  the  normal  population.  The  fatality  rate  was  equally  in 
contrast.  Armstrong  concluded  that  there  appeared  to  be  a  relative  degree 
of  protection  for  the  highly  tubercularized.  If  we  accept  these  figures  at 
their  face  value  we  must  conclude  then  either  that  tuberculosis  offers  some 
degree  of  protection  against  acute  influenzal  affection,  or,  that  the  tuberculous 
of  Framingham  have  been  so  well  trained  in  sanitation  and  personal  hygiene, 
as  a  result  of  the  Framingham  demonstration,  that  they  have  been  able  to 
protect  themselves  against  the  grip.  In  the  latter  case  we  must  look  upon  the 
result  as  a  successful  demonstration  of  the  principles  of  preventive  medicine. 
Certainly  this  did  play  a  part,  to  the  extent  at  least  that  individuals  knowing 
themselves  to  be  infected  with  tuberculosis,  and  knowing  themselves  to  be  in 
the  presence  of  a  pandemic,  became  more  wary  of  crowd  contact,  and  in  case 
they  did  become  ill.  they  undoubtedly  went  to  bed  at  the  earliest  opportunity. 

If,  on  the  other  hand,  this  is  a  true  demonstration  of  relative  immunity 
in  a  chronically  infected  individual,  the  explanation  must  be  sought  elsewhere. 
Does  a  chronic  respiratory  infection  confer  a  relative  degree  of  immunity 
to  an  acute  respiratory  disease?  Do  the  germs  already  on  the  premises  exert, 
so  to  speak,  "squatters'  rights?"  Are  we  observing  an  example  of  non- 
specific immunity  due  to  local  preceding  infection?  Still  another  factor  must 
play  an  important  role,  the  factor  of  race  stock.  The  excess  of  tuberculosis 
in  negroes,  for  instance,  over  that  in  whites,  is  in  some  localities  double  or 
treble,  while  various  observers,  as  Frost,  Brewer,  and  Frankel  and  Dublin, 
report  thai  the  influenza  incidence  and  mortality  among  negroes  was  de- 
cidedly less  than  that  among  the  whites.  "Winslow  and  Rogers  found  that 
in  Connecticut  the  proportion  of  influenza-pneumonia  deaths  is  lower  than 
would  be  expected  among  persons  of  native  Irish,  English  and  German  stock, 
and  higher  than  was  to  be  expected  among  Rassian,  Austrian,  Canadian  and 
l^olish  stock,  while  it  was  enormously  high  among  the  Italian.  Italians  are 
notably  insusceptible  to  tuberculosis,  while  the  Irish  are  nuich  more  prone 
to  infection  with  the  disease.  For  instance,  in  Framingham,  where  the  tuber- 
culosis incidence  rate  for  the  entire  population  was  2.1fi  per  cent,  the  rate 
in  the  Italian  race  stock  was  .58  per  cent,  and  in  the  Irish  4.80  per  cent.  In 
I'ramingham  there  was  about  four  times  as  much  influenza  among  the  Italians 
as  among  the  Irish.  Is  this  apparent  insusceptibility  of  certain  race  stocks 
iin    inherent   condition,    or   is   it   dependent    chiefly    on   differences   in    living 
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conditions  and  in  age  prevalence  in  the  different  races?  Probably  it  is  chiefly 
the  former.  Frost,  for  instance,  found  that  among  the  negroes  the  incidence 
of  influenza  was  lower  even  though  the  living  conditions  were  much  poorer 
than  those  among  the  whites. 

Armstrong's  survey  has  also  thrown  some  light  on  the  effect  of  the  in- 
fluenza on  previously  tubercularized  individuals.  In  a  survey  of  700  individ- 
uals who  had  had  the  acute  disease  there  were  ten  arrested  cases  of  tubercu- 
losis, or  1.4  per  cent.  All  these  had  been  known  to  be  arrested  cases  previous 
to  the  epidemic,  and  in  none  of  them  did  the  disease  appear  to  have  been 
actively  and  permanently  lighted  up.  Some  had  manifested  a  slight  activity, 
but  all  seemed  to  be  on  the  way  to  a  rearrest  of  the  disease.  On  the  other 
hand,  13  cases,  or  a  2  per  cent  of  the  700,  were  found  to  have  active  tubercu- 
losis which  had  hitherto  been  undiagnosed,  and  an  additional  8  cases,  with 
indefinite  bronchopulmonary  signs,  were  designated  as  incipient  tuberculosis 
cases.  This  is  to  be  contrasted  with  an  incidence  of  active  tuberculosis  in  the 
preepidemic  examination  of  approximately  1  per  cent.  These  figures  would 
indicate  an  increase  in  tuberculosis  incidence.     How  may  this  be  explained? 

It  has  long  been  known  that  individuals  with  measles  will  not  react  to 
tuberculin  tests,  even  though  they  have  been  positive  before  developing  the 
measles,  and  though  they  will  become  positive  again  after  recovery.  The 
same  may  be  said  of  vaccination.  Individuals  vaccinated  against  smallpox, 
who  have  measles,  and  are  during  their  illness  revaccinated,  will  not  show 
an  immediate  reaction.  The  test  will  remain  entirely  negative,  while  after 
recovery,  the  immediate  reaction  may  be  obtained.  Normally,  it  will  appear 
in  95  per  cent  of  cases,  while  among  those  with  measles  the  phenomenon  re- 
mains absent  in  90  per  cent.  The  same  may  be  said  of  certain  other  acute 
illnesses,  particularly  scarlet  fever.  The  phenomenon  has  been  variously 
explained.  Von  Pirquet,  who  was  the  first  to  observe  it  in  measles,  believed 
that  the  acute  disease  created  a  temporary  inability  to  produce  antibodies, 
and  therefore  designated  the  condition  by  the  name  anergic.  The  same 
phenomenon  of  anergic  has  been  found  recently  to  hold  in  the  case  of  in- 
fluenza. Debre  and  Jacquet,  Lereboullet,  Bloomfield  and  Mateer,  as  well  as 
Berliner  and  Schiffer,  have  brought  abundant  evidence  to  this  effect  following 
the  1918  pandemic.  It  has  also  been  shown  by  Cayrel  and  others  that  there 
is  a  diminution  of  typhoid  agglutinins  in  the  serum  of  influenza  patients  vac- 
cinated against  typhoid.  The  agglutinin  titer  again  increases  after  recoverj-. 
It  is  ti-ue  that  agglutinin  titer  is  not  a  measure  of  immunity,  but  it  is  fre- 
quently used  as  such  and  serves  to  give  us  some  information  on  the  subject. 
If,  then,  influenza  is  an  anergic  disease,  a  ''maladie  anergisaute, "  we  have  a 
theoretical  explanation  of  the  increase  in  severity  of  tuberculosis  following  the 
acute  infection.  We  have  long  known  that  measles  predisposes  to  tuberculosis. 
"We  have  recently  been  thoroughly  convinced  that  influenza  lessens  resistance 
to  secondary  infection  with  streptococcus,  pneumococcus,  and  other  respira- 
tory tract  organisms.  Shall  the  tubercle  bacillus  be  added  to  this  list?  Dur- 
ing the  1918  epidemic  we  saw  men  in  the  army  camps  who  passed  through  an 
attack  of  influenza-pneumoria  and  died  within  a  few  weeks  from  tuberculous 
pneumonia  or  miliary  tuberculosis.     These  men  had  previously  been  so  free 
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from  .siji;iis  of  their  tuberculosis  as  to  be  accepted  for  military  service  as 
healthy  individuals.  The  number  of  these  cases  was  small,  to  be  sure,  but 
sufficiently  large  to  convince  us  that  there  do  exist  instances  in  -which  tuber- 
culosis is  tremendously  fired  by  an  intercurrent  influenza. 

If  we  may  judge  merely  by  the  balance  of  evidence  and  risk  any  con- 
clusions from  such  conflicting  testimony,  we  may  sum  u|)  as  follows: 

1.  Great  variation  in  the  interaction  of  tuberculosis  and  influenza  must 
be  expected,  because  of  the  many  stages  at  which  the  tuberculous  may  be 
attacked,  becavise  of  the  altered  mode  of  living  of  known  consumptives,  and 
Ijecause  of  the  protected  life  of  most  of  them. 

2.  Phthisical  patients  as  a  group,  are  relatively  insusceptible  to  influenza 
infection.  This  may  be  due  to  the  tuberculous  process  itself  or  to  some  ex- 
trinsic but  nearly  related  cause. 

3.  But  many  individuals  with  pulmonary  tuberculosis  do  get   influenza. 

4.  And  the  disease,  having  been  contracted,  in  many  cases  hastens  the 
fatal  termination  of  the  tuberculous  process. 

5.  It  maj'  be  that  this  phthisical  exacerbation  occurs  more  frequently  in 
individuals  with  latent  tuberculosis,  individuals  who  are  not  at  the  time 
mobilizing  their  protective  antibodies. 
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—IV.  T.  V. 


What  We  Know  and  Do  Not  Know  about  Tuberculosis 
TT  ii|)|)ears  to  be  a  law  of  our  still  rudimentary  intelligence,  that  the  less 
A  Mc  know  of  a  subject  the  more  dogmatic  we  arc  iiicliiied  to  be  about  it. 
This  human  trait,  no  doubt  a  part  of  the  strategy  of  self-defense,  is  largely 
res])oiisible  for  the  perpetuation  of  ignorance  and  error.  The  mind  Avhieh 
can  free  itself  from  ])rejudiee  and  foregone  conclusions,  from  assumption 
and  assertion,  is  Ihe  mind  which  discovers  new  realities. 

In  nearly  all  (lc|)artmen1s  of  what  we  call  medical  science,  our  knowledge 
is  so  fractional    that    the   term   science   has   a    llavor   of  satire;   vet    how   con- 
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iiclently  we  make  our  own  sweeping  nuproved  assertions,  and  how  hotly  we 
•contradict  each  others'. 

Opinion  aside,  what  do  we  positively  know  about,  for  example,  influenza, 
malignant  disease,  the  complement  deviation  tests,  vaccines,  common  colds, 
tuberculosis  ? 

"We  have  tried  to  analyze  the  status  of  this  last  subject,  tuberculosis,  from 
the  point  of  view  of  the  things  we  know — the  things,  at  least,  that  we  are 
agreed  on  at  present — and  the  things  we  do  not  know,  that  is  to  saj-  the 
things  about  which  we  disagree  and  debate.  It  is,  of  course,  impossible  to 
tabulate  all  we  do  not  know :  we  have  included  only  some  of  the  more  important 
points  which  call  for  solution. 

We  knoiv : 

That  tuberculosis  is  infectious,  parasitic  in  origin. 

That  it  is  caused  by  a  specific  organism,  the  tubercle  bacillus. 

That  certain  more  or  less  characteristic  tissue  changes  occur  in  its  course. 

That  the  conflict  between  bacillus  and  host  often  ends  very  early  in 
favor  of  the  host — so  early  that  the  presence  of  lesions  is  not  suspected  duriug 
life. 

That  in  the  majority  of  eases  which  are  recognized  clinically,  the  disease 
shortens  life. 

That  its  morbidity  and  mortality  rates  are  high  throughout  the  civilized 
world. 

That  there  is  a  group  of  symptoms  and  signs,  some  or  all  of  which  occur 
in  recognized  cases. 

That  exhaustion  and  malnutrition  in  the  host  contribute  to  the  develop- 
ment of  the  disease,  while  rest  and  adequate  feeding  favor  recovery. 

We  do  not  linow,  or  do  not  know  thoroughhi: 

The  biology  of  the  parasite,  how  simple  or  complex,  constant  or  variable, 
is  its  life  cycle. 

The  significance  of  variations  in  the  parasite,  as  the  human  and  bovine 
strains,  and  their  relation  to  each  other  and  to  the  production  of  disease  in 
various  hosts. 

The  explanation  of  virulence  and  resistance,  and  the  relative  importance 
of  these  factors  and  of  dosage  in  the  development  of  disease. 

The  role  of  family  and  racial  heredity,  and  of  home  exposure. 

The  relative  importance  of  various  modes  of  exposure  and  portals  of 
infection. 

The  truth  about  such  alleged  predisposing  factors  as  influenza  and  chil- 
dren's diseases. 

The  importance  of  carrier  cases. 

The  physiology  of  defense,  and  the  part  played  in  it  by  body  fluids  and 
by  special  cells  (e.  g.,  endothelial  leucocytes),  tissues  (e.  g.,  lymphoid),  and 
organs  (e.  g.  adrenal). 

The  absolute  and  relative  frequency  of  healed  and  active  tubercle,  and 
the  amount  of  variation  in  these  figures  in  different  localities  and  classes, 
and  under  different  conditions  of  housing,  etc. 


114  THE    JOURNAIj    of   LABORATORY    AND    CLINICAL    MEDICINE 

The  oceurrenee  of  healed  tubercle  among;  savage  races  to  whom  tuber- 
culosis is  a  new  disease. 

Whether  infection,  with  invasion  and  some  response  on  the  part  of  the 
tissues,  is  practically  universal  in  civilized  races,  whether  it  usually  occurs 
in  childhood,  and  whether  an  active  immunity  is  commonly  the  result. 

The  effect  of  other  diseases  and  of  mental  states  on  tuberculosis,  and 
vice  versa. 

The  effect  of  tuberculin,  and  the  indications  for  its  use  in  treatment,  as- 
well  as  the  precise  indications  for  rest,  occupation,  and  diet. 

The  possibilities  of  protective  vaccination  and  of  chemical  therapy. 

The  signitieanee  of  mixed  infections,  and  tlie  factors  concerned  in  tox- 
emia. 

The  effect  of  the  antituberculosis  campaign,  and  the  relative  importance 
of  its  various  phases. 

The  difference  in  duration  of  life  between  the  patients  who  follow  our 
directions  and  those  who  do  not. 

As  already  stated,  the  list  does  not  pretend  to  be  exhaustive.  It  is  rather 
illustrative  of  the  little  we  know  and  the  much  we  need  to  learn  in  order  to 
act  with  confidence  in  the  situations  we  have  to  meet.  Our  practical  object 
is  to  reduce  tuberculosis,  our  dream  to  eliminate  it.  Are  our  methods  rational? 
Does  our  effort  to  keep  the  sick  alive  help  or  hinder  the  main  achievement? 
Is  it  desirable  to  prevent  exposure,  or  do  we  thus  develop  a  vulnerable  race, 
a  race  untrained  in  defense?  These  are  questions  which  we  cannot  answer. 
All  we  can  say  is  this:  We  may  reason  for  the  race  and  long  for  omniscience, 
but  we  must  act  from  more  immediate  motives,  and  to  the  best  of  our  present 
ability.  We  must  use  the  little  wisdom  and  skill  we  have  to  relieve  and 
protect  those  who  depend  upon  us  here  and  now. 

—G.  B.  ^y.  and  C.  T.  B. 


The  Control  of  Measles 

BROWNLEE^  recognizes  the  great  difficulty  in  controlling  or  limiting  the 
spread  of  measles  and  makes  some  suggestions  which  are  of  value.  He 
states  that  among  the  middle  classes  in  England  it  is  observed  that  children  rarely 
take  this  disease  until  the  eldest  in  the  family  reaches  the  school  age.  This  is 
not  so  markedly  the  case  with  the  working  classes.  Among  these,  greater  facili- 
ties of  infection  are  afforded  by  the  children  playing  together  in  the  streets. 
In  spite  of  this,  however,  in  the  opinion  of  a  number  of  medical  officers,  the  fire 
is  lighted  in  the  schools  and  the  flame  is  carried  to  the  streets.  Under  six  months 
of  age  measles  is  not  likely  to  be  acquired,  but  when  acquired  the  death  rate  is 
fairly  high.  Brownlee  finds  that  most  cases  occur  between  the  ages  of  six  months 
and  six  or  seven  years.  If  it  be  assumed  that  in  families  of  young  children  the 
children  do  not  as  a  rule  take  measles  until  the  eldest  child  has  become  suffi- 
ciently old  to  go  to  school,  something  can  be  done  to  prevent  its  spread,  and  this 
is  suggested  by  Brownlee  as  follows: 
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"Each  school  will  keep  a  register.  When  a  child  of  five  years  is  admitted  to 
a  class  at  school  it  will  be  noted  in  the  record  whether  that  child  is  the  eldest, 
intermediate,  or  youngest  member  of  the  family.  When  measles  breaks  out  in 
a  class  the  register  will  be  consulted.  If  the  child  exposed  to  infection  be  the 
youngest  member  of  the  family,  nature  may  be  left  to  take  her  way — there  is  no 
further  danger.  But  if  he  or  she  be  the  eldest,  especially  if  the  j-ounger  children 
in  the  house  are  of  ages  between  six  months  and  three  years,  the  direct  action  of 
nature  is  no  longer  a  matter  of  indifference.  What  is  a  mild  disease  at  the  age 
cf  five  years  may  be  a  matter  of  grave  danger  at  the  age  of  six  months.  Now  it 
may  be  taken  as  practically  certain  that  very  few  children  develop  the  first 
symptoms  of  measles  within  seven  days  of  the  infection,  and  the  higher  limit 
may  be  set  at  fourteen  days.  If,  therefore,  the  child  who  has  been  exposed  to 
the  infection  stays  in  its  home  for  seven  days  after  exposure  no  harm  will  ensue. 
It  is  the  next  seven  days  which  are  important.  In  the  entourage  of  families  in 
towns,  especially  where  the  families  are  very  young,  the  house  of  one  grand- 
mother is  usually  available.  There  are  also  quite  frequently  houses  of  uncles 
and  aunts  in  which  there  are  either  no  children  or  in  which  the  children  have 
already  passed  through  the  necessary  attack  of  measles.  It  is  thus  only  a  matter 
of  arrangement  that  the  child  who  has  been  exposed  to  infection  stays  with  a 
grandmother  or  other  relative  for  a  specified  seven  days.  It  may  be  objected 
that  this  cannot  be  done.  On  the  contrary,  I  have  made  such  arrangements  for 
many  years  with  reference  to  cases  of  scarlet  fever  and  diphtheria.  W'here  on 
dismissal  there  was  some  doubt  as  to  whether  a  patient  were  free  from  infection 
or  not,  and  where  it  was  obvious  that  continued  residence  in  the  hospital  was  not 
the  best  way  to  clear  the  patient  of  infection,  I  at  once  appealed  to  the  parents. 
I  found  that  arrangements  made  were  loyally  carried  out  in  nearly  every  case; 
the  average  parents  are  not  selfish  as  regards  their  children,  but  much  the  re- 
verse. There  are,  of  course,  a  number  of  unreasonable  and  untrustworthy  people, 
but  in  my  dealings  I  have  found  these  the  exception.  Once  the  matter  has  been 
carefully  explained  the  ordinary  person  wishes  to  act  for  the  best.  Of  course,  at 
the  institution  of  a  new  method  of  administration  there  will  be  a  considerable 
amount  of  evasion,  but  from  the  moment  that  the  opponents  of  the  system  see 
their  children  going  to  the  grave  while  those  who  accede  find  their  children  do 
not  take  the  disease,  the  sarcasm  of  the  neighbors  will  afifect  more  than  thousands 
of  regulations.  A  few  years'  trial  \vi\\  put  all  the  community  on  your  side,  and 
then  the  work  is    done." 

Brownlee  emphasizes  the  fact  that  early  diagnosis  is  a  matter  of  prime  im- 
portance in  controlling  measles.  He  states  that  there  is  no  reason  for  believing 
that  this  disease  is  transmissible  until  the  appearance  of  the  first  catarrhal  symp- 
toms. For  early  recognition  purposes  there  are  only  two  symptoms  and  signs 
that  are  of  value.  The  usual  advice  is  to  look  for  Koplik  spots,  but  by  the  time 
these  are  in  evidence  the  disease  has  in  all  probability  been  transmitted.  The 
temperature  is  one  of  the  early  evidences  of  this  disease.  \\'hen  a  child  comes 
to  school  with  sufifused  eyes  and  edema  of  the  lower  lids  and  is  found  to  have 
a  temperature,  it  may  or  may  not  be  developing  the  measles,  but  it  should  be  im- 
mediately isolated  under  the  best  conditions  possible  and  kept  in  bed  for  at  least 
four  davs.    If  it  be  measles,  hi  the  end  of  that  time  the  eruption  will  appear. 
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Incidentally,  Brownlee  makes  it  evident  that  the  case  mortality  in  this  dis- 
ease is  much  greater  among  those  treated  in  hospitals  than  among  those  treated  in 
their  homes.  He  gives  figures  for  two  cities,  Aberdeen  and  Glasgow.  In  the 
former,  most  children  with  this  disease  are  treated  in  their  homes.  In  Glasgow, 
on  tlie  other  hand,  Brownlee's  statistics  include  only  those  treated  in  hospitals. 
The  case  mortality  in  Glasgow  is  much  higher  at  all  ages  than  in  Aberdeen.  It 
may  be  that  there  is  some  other  factor  besides  hospital  treatment  accounting  for 
the  difference  in  the  death  rates  in  the  two  cities,  but  this  is  the  testimony  nearly 
everj'where.  Uncomplicated  measles  is  a  mild  disease  and  has  a  low  death  rate, 
but  the  virus  of  this  disease  opens  gateways  to  secondary  infections,  and  these 
kill.  Whether  a  child  with  measles  will  be  more  likely  to  escape  secondary  in- 
fection in  its  home  or  in  a  hospital  depends  upon  conditions  which  must  be 
judged  by  the  medical  man  in  charge.  In  a  contagious  disease  hospital  con- 
structed and  manned  in  a  modern  wa}-  the  child  with  measles  should  find  its 
safest  place,  but  many  such  hospitals  do  not  come  up  to  this  standard.  The  virus 
of  measles  is  carried  through  the  air  for  short  distances,  but  in  hospitals  second- 
ary infections  are  usually  tran.sported  by  careless  attendants.  The  nurse  in  a 
measles  hospital  in  going  from  one  patient  to  another  should  exercise  tlie  same 
care  and  practice  the  same  precaution  as  would  be  done  if  one  of  these  children 
had  measles  and  the  other  had  scarlet  fever.  One  child  may  harbor  a  deadly 
streptococcus  and  the  careless  attendant  may  carry  this  organism  to  every  other- 
child  under  her  charge.  Until  the  importance  of  preventing  secondary  infections- 
in  measles  is  understood  and  efficient  methods  of  prevention  are  practiced  the 
child  with  measles,  under  ordinary  conditions,  is  much  safer  in  an  isolated  roorrt 
at  home  than  it  is  in  a  hospital  ward. 

—  V.  C.  V. 


The  Journal  of 

Laboratory  and  Clinical 

Medicine 

Vol.  VI.  St.  Louis,  December,  1920  No.  3 

ORIGINAL  ARTICLES 


PRACTICAL  APPLICATIONS  AND  USES  OF  THE  SCHICK  TEST* 


By  Abraham  Zixgher,  M.D.,  D.P.H.,  New  York,  X.  Y. 


THE  subject  of  diphtheria  iu  many  of  its  aspects  is  thoroughly  familiar  to  the 
medical  profession  at  the  present  time,  but  it  may  not  be  generally  realized 
that  iu  spite  of  the  modern  methods  of  combating  this  disease,  it  is  still  quite 
active  and  prevalent  throughout  the  world.  The  mortalit.y  in  New  York  City 
alone  has  been  about  1,400  cases  each  year  for  the  first  past  five  years;  the  mor- 
bidity about  ten  times  as  great.  For  the  United  States  the  calculated  yearly 
mortality  is  from  20,000  to  22,000  and  the  morbidity  from  150,000  to  200,000 
cases.  In  i)re-antitoxin  days  the  mortality  from  diphtheria  was  70  to  75  per 
cent.  With  the  introduction  of  antitoxin  in  1894,  the  mortality  was  gradiuiUy 
reduced  to  10  per  cent,  where  it  has  remained  more  or  les,s  stationary. 

The  above  are  striking  figures  when  we  consider  that  we  have  at  our  dis- 
])csal  in  diphtheria  antitoxin  a  remedial  agent  which  would  cure  every  case  if 
ap]5lied  early  enougli  in  the  course  of  the  disease.  The  fact  remains,  however, 
that  for  the  past  eight  to  ten  years  the  number  of  fatal  eases  has  remained  more 
or  less  constant.  This  persistent  and  relatively  high  mortality  can  only  be 
accounted  for  by  the  delayed  application  for  treatment  on  the  part  of  the  patient, 
the  delayed  recognition  of  the  disease  on  the  part  of  the  physician,  or  by  both 
of  these  factors. 

The  more  recent  investigations  in  the  control  of  diphtheria  have  shown 
us  the  great  importance  of  the  Schick  test  by  means  of  which  we  can  recognize 
very  definitely  every  person  who  is  susceptible  to  diphtheria.  In  conjunction  with 
the  Schick  test  it  has  been  found  that  the  vast  majority  of  susceptible  individ- 
uals can  be  actively  immunized  for  a  number  of  years  and  possibly  for  life  by 
means  of  injections  of  toxin-antitoxin.     We  realize  fully  that  it  will  be  a  ques- 
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lion  of  years  lu-t'in-o  tluTc  will  1)1'  a  universal  ajjiilieatidu  of  tliese  measures,  but  it 
is  a  work  well  worth  while  and  will  repay  the  effort. 

In  1913  Schick'  published  the  results  of  his  investigations  in  which  he  stated 
that  by  means  of  a  simple  clinical  test  we  could  determine  whether  a  person  is 
susceptible  to  diphtheria  or  not.  The  test  consists  in  the  injection  of  a  small 
amount  of  dii)hthcria  to.xin,  pi'operly  diluted,  into  the  skin  of  the  forearm.  We 
began  using  the  test  at  the  Willard  Parker  Hospital  soon  after  his  publication 
appeared.  After  seven  years  of  intensive  .studies  with  this  reaction  we  have 
come  to  the  conclusion  that  the  test  is  one  of  the  most  valuable  and  accurate 
clinical  procedures  at  our  disposal  today. 

I.    FACTORS   IXFLUENC'IXG    THE   RELIABILITY    OF    THE   SCHICK    TEST 

The  reliability  of  the  results  obtained  with  the  Schick  test,  however,  de- 
pends upon  three  important  factors,  which  have  to  be  carefully  observed: 

1.  The  toxin  that  is  used  for  the  test  should  be  of  standard  strength. 

2.  The  technic  in  making  the  intradermal  injections  must  be  correct. 

3.  The  interpretation  of  the  reactions  must  be  accurate. 

The  toxin  used  in  the  test  niu.st  be  of  standard  .strength.  The  dilution  must 
not  be  so  w-eak  that  the  individual  who  should  give  a  positive  reaction  will  give 
a  negative  reaction,  and  it  should  not  be  .so  strong  that  a  local  area  of  severe 
necrosis  will  develop  at  the  site  of  the  injection.  Schick  determined  that  the 
amount  of  toxin  for  the  test  should  be  1/50  of  a  minimum  lethal  dose  for  the 
guinea  pig,  in  0.1  c.c.  of  normal  saline.  We  prefer  1/50  of  an  M.L.D.  in  0.2  c.c. 
of  saline,  an  amount  which  is  more  easily  handled,  and  will  show  a  small  definite 
wheal-like  swelling  in  the  skin  after  the  injection.  The  positive  reactions  noted 
in  susceptible  individuals  with  this  dilution  of  toxin  are  not  apt  to  be  as  severe 
and  persistent  as  those  noted  with  the  more  concentrated  dilutions. 

The  toxin  can  now  be  obtained  in  a  convenient  outfit  devised  by  me  and 
supplied  by  the  Research  Laboratory.  It  consists  of  a  small  glass  capillary  tube 
containing  the  undiluted  toxin,  a  .small  rubber  bulb  for  expelling  the  toxin  and 
a  10  c.c.  bottle  of  saline  in  which  the  toxin  is  to  be  diluted  before  use.  The 
toxin  remains  good  for  six  months  if  kept  in  the  cold  undiluted.  After  dilution 
it  should  not  be  used  later  than  twenty-four  hours.  One  outfit  is  sufficient  for 
about  35  tests.  Similar  outfits  are  supplied  by  several  commercial  laboratories. 
I  have  found  after  testing  some  of  these  commercial  preparations,  that  unfortu- 
nately a  number  of  them  were  below  standard  strength.  These  results  have  been 
communicated  to  the  laboratories,  and  I  have  no  doubt  that  the  strength  of  the 
toxin  in  these  preparations  will  be  brought  up  to  the  standard. 

The  outfit  supplied  by  the  New  York  State  Department  of  Health  is  good, 
but  is  not  fool-proof.  In  this  outfit  thei-e  is  a  sinnll  vial  of  toxin  (vtim  Mhieh 
with  a  graduated  gla.ss  pijiette  a  definite  anmuiil  is  withdrawn  and  diluted  with 
the  saline  supplied  in  another  vial.  One  piiysieian  eni]itied  the  entire  contents 
of  the  toxin  vial  into  the  saline,  and  tested  some  200  children,  .\1miu1  SO  of  these 
children  had  severe  sloughing  I'eaelions  as  a  result  of  the  enneenlraled  dilution 
of  the  toxin  which  was  injected. 

When  we  make  the  tests  with  a  standard  and  carefully  i)re])ared  dilution 
of  the  toxin,  our  results  show  that  the  test  is  perfectly  harmless.     The  informa- 


PKACTICAL    APPLICATIONS    AND    USES   OP    SCHICK    TEST  110 

tiou  obtained  is  of  extreme  value  because  of  the  great  aceuracy  of  the  Sehiek 
n'action.  Of  2200  scarlet  fever  patients  who  gave  negative  reactions  on  ad- 
mission to  the  Willavd  Parker  Hospital,  not  one  developed  an  undoubted  clin- 
ical diphtheria.  These  children  had  received  no  antitoxin,  were  exposed  to 
'■uses  of  diphtheria  in  neighboring  beds  and  moreover  some  20  to  25  per  cent 
showed  by  culture  that  they  were  carriers  of  virulent  bacilli.  The  fact  that  all  of 
the  2200  proved  immune  to  the  disease  is  a  striking  corroboration  of  the  accuracy 
of  the  Schick  test. 

The  technic  of  the  test  is  of  great  importance.  The  reaction  is  a  local 
phenomenon  and  has  to  be  visible  to  the  eye.  The  test  fluid,  therefore,  must  be 
injected  intradermalhj  and  not  subcutaueously.  A  good  syringe  and  a  fine 
needle  are  necessary.  A  1.0  c.c.  Record  syringe  and  a  26  gauge  1/4  inch  steel 
needle  are  probably  best  for  this  purpose.  An  ordinary  hypodermic  syringe 
will  answer,  but  the  needle  should  be  finer  than  the  ones  that  are  generally  used 
with  such  syringes.  One  must  be  careful  to  sterilize  the  syringe  and  needle  by 
boiling,  or  with  alcohol.  If  alcohol  is  used  it  must  be  rinsed  out  of  the  syringe 
with  some  of  the  diluted  toxin  and  the  rinsings  discarded  before  making  the 
tests.  To  make  the  test,  inject  0.2  c.c.  of  the  unheated  and  properly  diluted 
toxin  intradermally  on  the  flexor  surface  of  the  right  forearm  about  2.5  inches 
below  the  bend  of  the  elbow,  and  a  similar  amount  of  the  heated  diluted  toxin 
used  for  control  as  described  below  in  the  left  forearm.  It  is  a  good  plan  always 
to  use  the  right  forearm  for  the  test  and  the  left  forearm  for  the  control,  as  one 
will  then  be  able  to  know  exactly  where  to  look  for  the  reactions  and  how  to 
interpret  tiiem. 

The  correct  interpretation  of  the  reactions  is  also  of  utmost  importance. 
A  positive  reaction  indicates  that  the  child  is  susceptible  to  diphtheria ;  a  nega- 
tive reaction  that  he  is  immune  to  that  disease.  If  a  person  is  susceptible  to 
diphtheria  there  will  appear  at  the  site  of  injection  within  24  to  36  hours  a 
definite  well  circumscribed  area  of  redness  about  the  size  of  a  five  cent  piece, 
which  gradually  becomes  more  marked  within  the  next  two  or  three  days.  The 
reaction  reaches  its  height  on  the  fourth  or  fifth  day.  It  persists  for  a  week 
or  longer,  depending  upon  the  intensity  of  the  reaction,  and  leaves  on  fading  a 
brownish  area  of  pigmentation,  which  shows  at  first  definite  scaling.  The  pig- 
mented area  gradually  fades,  but  may  still  be  seen  in  some  individuals  even  as 
late  as  three  or  four  mouths.  If  a  person  is  immune  to  diphtheria  he  shows 
a  negative  Schick  reaction,  the  skin  at  the  site  of  the  test  remaining  unchanged. 
It  has  been  found  that  if  an  individual  has  1/30  of  a  unit  of  antitoxin  or  more 
per  c.c.  of  serum,  he  will  give  a  negative  reaction.  The  reading  of  the  reactions 
in  children  under  5  years  of  age  is  quite  simple,  as  the  reactions  at  this  age  are 
mostly  positive  or  negative.  In  older  children,  however,  and  especially  in  adults, 
one  meets  with  so-called  pseudonegative  reactions  which  make  the  reading  more 
difficult.  This  reaction  is  found  in  immune  individuals  and  must  be  carefully 
distinguished  from  the  positive  reaction.  The  pseudonegative  reaction  is  pro- 
duced by  the  autolyzed  protein  of  the  diphtheria  bacillus,  which  is  also  present 
in  the  test  fluid.  This  reaction  is  of  the  nature  of  an  anaphylactic  reaction. 
It  appears  much  earlier  than  the  positive  reaction,  is  well  marked  at  the  end  of 
ci-litci.n  hours  and  reaches  its  ueight  at  the  end  of  twenty-four  hours.     At  the 
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end  of  four  days  in  a  inajoritN'  of  tin-  psi'udoiu'tiativc  reactions  most  of  the  red- 
ness and  the  induration  has  faded  away  ;ind  there  is  left  behind  only  a  small 
irregular  area  of  pifrnientation,  which  may  occasionally  show  a  slight  central 
scaling.  These  reactions  vary  in  intensity,  however,  the  degree  depending  upon 
the  susceptibility  of  the  individual  to  the  autolyzed  protein.  Some  of  the  pseu- 
donegativc  reactions  are  very  mai'ked  and  may  show  even  at  the  end  of  four 
days  a  well  defined  area  of  reddish  brown  pigmentation.  Tlie  pseudonegative 
reaction,  can,  however,  be  accurately  identified  and  distinguished  from  the  pos- 
itive Schick  reaction  bj'  making  a  control  te.st-'  on  the  left  forearm  with  toxin 
which  has  been  heated  to  75°  C.  for  ten  minutes.  The  heating  destroys  the 
toxin,  but  does  not  affect  the  autolyzed  protein.  An  individual  who  gives  a 
pseudoiicfjaiive  reaction  will  show  similar  reactions  in  the  test  and  in  the  control. 
An  individual  who  gives  a  positive  reaction  w-ill  show  an  area  of  typical  redness 
at  the  site  of  the  test,  whieli  is  always  done  on  the  right  forearm,  and  no  reaction 
at  the  site  of  the  control  on  the  left  forearm.  It  is  best  to  make  a  preliminary 
reading  at  the  end  of  48  hours  and  a  final  definite  reading  at  the  end  of  96  hours. 
At  the  end  of  four  days  the  positive  reactions  will  be  at  their  height,  while  the 
ma.iority  of  pseudonegative  reactions  will  have  faded  almost  completely.  The 
control  test  with  heated  toxin  is  most  valuable,  therefore,  in  positively  identify- 
ing the  character  of  the  reactions. 

A  small  proportion  of  susceptible  individuals  have  a  pseudopositire  or  com- 
hined  reaction.  This  reaction  represents  a  combination  of  both  the  positive 
and  the  pseudoreaetion,  and  is  identified  at  the  end  of  96  hours  by  a  well  defined 
positive  reaction  at  the  site  of  the  test  on  the  right  forearm  and  a  partly  faded 
pseudoreaetion  at  the  site  of  the  control  on  the  left  forearm. 

The  importance  of  identifying  the  pseudonegative  reaction  is  evident  from 
the  fact  that  among  adults  there  occur  two  oi-  three  times  as  many  pseudonesia- 
tive  as  positive  reactions. 

II.    At'TI\E    IMMIN'IZATIOX    OF    INFANT.S    AGAIX.^T    DII'IiTIUCRlA 

In  the  newborn  we  find  only  about  lii  per  cent  of  positive  Schick  reactions. 
This  number  corresponds  with  the  number  of  mothers  who  give  positive  re- 
actions. The  other  infants  are  temporarily  immune.  This  immunity  is  de- 
rived from  the  mother  and  is  generally  lost  after  the  first  six  to  nine  months  of 
life.  Most  of  the  children  by  the  time  tiiey  complete  the  first  year  of  life  give  a 
positive  reaction.  This  exidains  the  great  morbidity  and  mortality  from  di])h- 
theria  between  the  ages  of  one  and  five  years.  Over  80  jier  cent  of  deaths  from 
diphtheria  occur  under  five  years  of  age. 

In  view  of  this  very  high  morbidity  and  mortality  in  childi-en  under  five 
years  of  age  we'  have  ui-ged  that  ercri/  child  from  six  months  to  two  years  of 
age  should  receive  the  active  immunization  with  toxin-antitoxin.  Tiiis  procedure 
is  especially  important  as  most  of  the  ciiildren  lose  their  maternal  immunity 
when  they  reach  the  age  of  six  to  nine  months.  This  susceptibility  is  readily 
shown  by  a  iiositive  Schick  reaction,  wliich  is  seen  in  such  a  large  jiroportion 
of  children  at  the  age  of  one  year.  In  rliildrcn  under  si.r  nioitlhs  of  age,  toxin- 
antitoxin  should  not  he  used  as  it  usualhi  produces  no  iminnnizalion.  This  is 
especially  true  in   the  first    few   ukuiIIis  of  life.      ,\ftcr  the  child   has  jiassed   its 
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second  year  of  life  the  application  of  the  Schick  test  is  of  great  value  in  sepa- 
rating the  children  who  are  immune  i'rom  those  who  are  susceptible  so  that  toxin- 
ant  itoxia  injections  may  he  piven  only  to  those  who  show  a  positive  reaction. 

in.    .MIXTURES  OF  TOXIX-ANTITO.XIX   USED  P'OR   IMMUNIZATION 

In  19 lo,  at  about  the  same  time  that  Schick  published  his  investigations, 
von  Behring  proposed  a  new  method  of  active  immunization  with  diphtheria 
toxin-antitoxin.  The  use  of  such  mixtures  was  not  new,  but  their  application 
in  Inunan  beings  was  taken  up  for  the  first  time  by  this  observer  and  his  co- 
workers. 

Von  Behring  gave  no  exact  details  as  to  the  methods  by  which  he  prepared 
these  mixtures.^  His  communications  were  therefore  of  little  valne  to  us  at 
the  Research  Laboratory  in  guiding  us  in  the  preparation  of  the  toxin-antitoxin. 
Of  the  different  mixtures  with  which  we  worked,  we  tiually  came  to  the  con- 
clusion that  a  slightly  toxic  mixture  gave  the  best  results."  At  first  we  had  to 
determine  these  results  by  taking  specimens  of  blood  and  examining  them  for 
their  antitoxin  content.  This  was  tedious  and  unsatisfactory  and  we  then  began 
to  use  the  Schick  test  in  conjuuetion  with  the  toxin-antitoxin  immunization." 
Tiie  work  was  thus  greatly  simplified.  We  were  able  to  select  the  susceptible 
individuals,  give  them  the  toxin-antitoxin  and  subsequently  prove  the  develop- 
ment of  a  lasting  active  immunity  by  means  of  re-tests  with  the  Schick  reaction. 
The  toxin-antitoxin  injections  consisted  of  1.0  c.c.  of  the  mixture  given  subeu- 
taneously  in  the  arm  at  the  insertion  of  the  deltoid  and  repeated  twice  at  in- 
tervals of  seven  clays.  Not  only  was  an  active  immunity  produced  in  over  95 
per  cent  of  susceptible  individuals,  but  we  have  found  that  this  active  immunity- 
has  persisted  for  five  .years,  that  is  ujj  to  the  present  time  and  it  is  possible  that  it 
will  continue  for  the  life  time  of  the  individuals.  This,  of  course,  indicates  that 
we  have  at  our  disposal  today  the  means  by  which  the  susceptible  part  of  the 
population  can  be  protected,  diphtheria  controlled  and  finally  eradicated. 

The  mixtures  of  toxin-antitoxin  must  be  i^repared  in  reliable  laboratories 
and  carefully  tested.  We  have  established  a  standard,  which  we  believe  it  is 
.safe  to  follow.  The  mixture  should  be  of  such  strength  that  5  e.e.  injected  into 
a  guinea  pig  will  produce  a  local  induration  at  the  site  of  injection  followed 
by  late  paralysis,  but  will  never  cause  acute  death  of  the  animal.  Each 
e.e.  of  the  toxin-antitoxin  pi-eparation  supplied  bj^  the  Research  Laboratory 
contains  3  L-i-  doses  of  toxin  and  3.5  units  of  antitoxin.  With  a  stronger  toxin, 
whicli  can  occasionally  be  i^roduced,  mixtures  of  toxin-antitoxiu  can  be  pi"e- 
pared  which  will  contain  more  thau  3  L-r  doses  per  c.c:  for  instance,  mixtiires 
of  4,  5,  or  6  L+  doses  with  a  corresponding  increase  in  the  amount  of  antitoxin. 
Such  mixtures  are  slightly  more  efficient.  AVe  considered  it  advisable,  however, 
to  adopt  a  standard  strength.  If  desired,  the  dose  of  the  mixture  can  be  in- 
creased to  2.0  c.c,  although  even  with  the  larger  doses  a  few  individuals  will  be 
found  who  seem  to  be  refractory  to  active  immunization.  In  such  individuals 
we  usually  find  that  the  giving  of  a  second  series  of  injections  of  toxin-antitoxin 
at  the  end  of  three  months,  when  the  Schick  retest  is  made,  will  bring  about  an 
active  immunity.  Many  thousinids  of  injections  have  been  given  with  the  toxin- 
antitoxiu  preparation  of  the  Research  Laboratory  and  not  a  sinrjlc   untoward 
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result  was  obsrrrcd.  Tliroujrli  soiiu'  iiiii'oi-tiiiiato  error  one  of  the  ei)iiiiuiTeiiil 
laboratories  sent  to  one  of  the  southern  cities  a  mixture  of  toxin-antitoxin  wliieli 
l)roved  later  to  be  highly  toxic  to  the  "ruinea  pijr.  There  were  some  eight  or  nine 
deaths  among  the  injected  children.  Such  an  accident  which  is  most  dejilorable 
is  no  argument,  however,  against  the  use  of  toxin-antitoxin.  It  emphasizes  the 
fact  that  extreme  care  must  be  used  in  making  and  testing  the  mixtures  of  toxin- 
antitoxin,  before  they  are  sent  out.  According  to  our  experience,  however,  mix- 
tures that  are  safe  when  sent  out  will  always  renuiin  safe  with  regard  to  their 
toxic  strength  and  will  be  effective  for  immunization  for  at  least  six  months. 

IV.    I'KACTIC'AL   APPMCATIOXS   OF   TIIK   .SfHICK   TEST 

(a)  The  Schick  test  should  lie  \isc(l  in  tlie  lioine  where  a  cliihl  has  de- 
veloped diphtheria.  By  testing  the  otiier  cliildren  and  adults  the  susee])tilile 
individnals  are  found.  Each  of  these  is  then  injected  at  once  with  a  prophy- 
lactic dose  of  antitoxin  in  the  usual  way  to  ])roduce  an  immediate  passive  im- 
munity. The  delay  of  forty-eight  hours  necessary  for  the  reading  of  the  Schick 
test  has  little  danger  connected  with  it  and  has  the  advantage  of  avoiding  the 
injection  of  aiititoxin  into  those  who  do  not  need  it.  However,  in  the  ease  of 
young  children  who  have  been  iu  close  contact  with  the  disease  and  who  cannot 
be  observed  during  the  next  forty-eight  hours  it  will  under  certain  conditions 
be  safer  to  give  jirophylactic  injections  of  antitoxin  at  o)u-e  without  waiting 
for  the  Schick  test. 

(b)  During  an  outbreak  of  diphtheria  in  institutions  and  schools,  the  ap- 
plication of  the  Schick  test  will  enable  us  to  select  the  susceptible  children,  who 
may  be  only  20  to  25  per  cent  of  the  total,  and  immunize  them  with  antitoxin. 
We  .shall  thus  be  able  rapidly  to  control  an  outbreak  of  diphtheria  in  an  in- 
stitution or  school. 

(c)  The  Schick  test  is  of  great  value  as  a  routine  iiroccdure  in  contagious 
disease  hospitals,  various  other  liospitals.  and  in  many  instit\itions  and  liomes 
earing  for  children,  such  as  orphan  and  infant  asylums,  day  nur.series,  public 
and  private  schools,  etc. 

(d)  In  |)rivate  and  instilution  jiraclicc  it  is  iinpnrtaiil  that  the  pli\-sii-ian 
should  know  whether  the  childreu  are  susceptible  or  iiiiniune  to  diphtheria,  even 
when  there  is  no  outbreak  of  the  disease  and  there  is  no  immediate  danger.  One 
vei-y  impoi-tant  fact  should  be  emiihasized.  We  have  found  that  children  over 
two  years  of  age  who  give  negative  Schick  reactions  will  continue  to  give  such 
I'cactious  over  a  ]ieriod  of  years  if  the  same  technic  and  the  same  standard  dilu- 
tion of  toxin  is  used  in  making  llie  test.  It  seems,  therefore,  that  such  natural 
immunity  jiersists  fur  a  Idiiiz  period  of  years  and  ])()ssibly  for  life.  The  fact 
that  the  negative  Scliii'l<  reaclion  in  the  naturally  immune  individuals  indicates 
a  long  and  persistent  iiiiuiiinity  adds  great  value  tn  the  use  of  the  test  iu  honu's, 
institutions,  schools,  etc 

(c)  In  the  I'outine  iiroph.\  lactic  work  in  <li|)htheria,  when  there  is  no  im- 
mediate dangei-  from  the  disease,  we  should  use  the  Schick  test  in  conjunction 
with  the  active  immunization  with  toxin-antitoxin.  The  W(U'k  is  so  well  estab- 
lished now  that  we  had  no  hesitaue.\-  iu  asking  the  school  authorities  in  New 
York  City  to  allow  us  to  apply  the  Sdiii'k  l.-,|  tn  all  the  cliildi-cn  in  IdO  selected 
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scluKils.  'I'his  work  will  be  started  on  a  large  scale  in  the  various  schools  in  the 
difl'eii'iit  Ixiiduglis.  With  the  consent  of  the  parents  the  children  giving;  pos- 
itive reactions  will  be  injected  with  toxin-antitoxin.  Subsequently  those  re- 
ceiving the  immunizing  injections  of  toxin-antitoxiii  will  lie  re-tested  with  the 
.Schick  test  to  determine  the  development  of  an  active  imnninitv. 

CONCLUSIONS 

1.  Diphtheria  is  a  widely  prevalent  disease  with  a  morbidity  and  mortality 
which  have  remained  fairly  constant  during  the  past  ten  years. 

2.  Active  immunization  with  toxin-antitoxin  of  all  young  children  from  six 
months  to  two  years  of  age  is  essential  in  bringing  up  a  diphtheria-inuaune  pop- 
ulation. 

3.  The  Schick  test  and  control  test  should  be  applied  to  all  childi-eu  over 
two  years  of  age,  and  all  those  giving  a  positive  reaction  shoidd  be  actively  im- 
niuni/.cd  with  toxin-antitoxin. 

4.  The  Schick  test  and  toxin-antitoxin  immunization  will  find  great  fields 
of  usefulness  in  homes,  in  various  schools,  institutions,  hospitals,  etc. 

5.  Diphtheria  outbi'eaks  can  be  completely  controlled  in  homes,  institutions, 
and  schools  b.v  promptly  applying  the  Schick  test  and  by  giving  prophylactic 
injections  of  antitoxin  to  the  susceptible  individuals. 
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OBSERVATIONS  ON  THE  MOTILITY  OF  THE  ANTRUM  AND   THE 

RELATION  OF  RHYTHMIC  ACTIVITY  OF  THE  PYLORIC 

SPHINCTER  TO  THAT  OF  THE  ANTRUM* 
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IN  a  ]ii'(;'vious  comiminieatimi  it  \va.s  shown  that  the  i)yh)ric'  s])liiiic-tt'i-  of  tlie 
dog  possessed  tlie  property  of  ihythinie  eontraetility.'  Unfinished  ob- 
servations at  that  time  indicated  that  sueh  motor  aetivity  of  tlie  sphincter  was 
iutlueneed  bj'  and  coordinated  with  the  activities  of  the  antrum.  The  experi- 
ments here  reported  substantiate  our  previous  statements  rehitive  to  the  sphinc- 
ter and  definitely  show  that  the  aclivities  of  the  sphincter  are  influenced  by 
those  of  the  antrum. 

REVIEW    OF    BUiElOGRAIMlV 

According  to  a  iuuiiIm  r  of  obsei'vers  the  ]i('i'istaltic  waves  of  the  pars  media 
are  diflPerentiated  from  the  characteristic  motility  of  the  preantral  and  antral 
regions.  The  more  commonly  accepted  view,  however,  is  that  the  entire  course 
of  a  contraction  wave  of  the  stomach  is  simply  peristaltic  in  nature  and  that 
it  does  not  differ  in  character  from  similar  waves  in  the  intestine. 

Tn  1886  Hofmcister  and  Schiitz-  studied  the  excised  and  bloodless  stomach 
of  the  (log  in  a  moist  chamber.  In  such  preparations  a  contraction  wave  ap- 
pears a  few  centimeters  from  the  cardia.  moves  peristaltically  to  a  point  about 
2  cm.  from  the  anirimi  at  whicli  pdint  a  deep,  i)reantral  contraction  occurs, 
after  which  the  ■•s|)hincter  anti-i"  contracts.  This  is  followed  by  relaxation 
of  the  preantral  contraction  and  a  maximal  contraction  of  the  "antral  sphinc- 
ter" of  sufficient  strength  to  separate  the  antrum  from  the  rest  of  the  cavity 
of  the  stomach.  During  the  height  of  contraction  of  the  "antral  sphincter"  the 
musculature  of  the  antrum  as  a  whole  contracts,  the  latter  usually  being  pre- 
ceded by  a  si  long  shortening  of  the  antrum.  Prior  to  this  observation,  Morat, 
1882,-'  obtained  liiaphic  recnnls  of  gastric  motility  by  means  of  a  large  rubber 
balloon  intlatrd  with  air.  Hy  use  of  the  inaiiouietric  method  von  Pfiingen, 
1887.'  observed  on  an  average  thrci-  contractions  of  the  antrum  jier  minute, 
each  of  which  lasted  from  6  to  12  seconds.  Xon  ]\Ioritz,  189"),'  by  means  of  an 
elastic  balloon  of  moderate  size  attached  to  a  sound  passed  through  llie  esopha- 
gus, recorded  the  variations  of  gastric  pi-essure  and  motility.  .Vccording  to 
this  author  the  fundus  and  j)yloric  anti-um  show  dilTerent  functions;  the 
former  a  digestive,  the  latter  a  motor  function  as  shown  by  the  aj)pearanee  of 
rhythmical  contractions  at  the  rate  of  from  2  to  6  per  minute.  The  works  of 
Cannon,  1S98."  and  Roux  ami  i'.althazard.  18<)8,"  clearly  show  that  the  pyloric 
portion  is  mechanically  liie  most  active  pari  of  llir  sloinaib.  Padiographically 
the    ]iyloric    jiortion    exhibits   "peristaltic    ninvciiicnls"    tliiduvhout    the    entire 
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jjcriod  ol'  digestion.  Lticiaiii^  statos  that  "tlic  movements  of  tiic  pyloric  antrum 
arc  set  up  in  the  part  nearest  the  fundus  (preantral  contractions)  and  are 
mainly  atK'eeted  by  the  circular  fibers. "'  Ducceschi,  1897,"  working  on  dog:s 
previously  i)i-(ivided  witli  a  gastric  fistula  and  six  hours  after  a  meal  found  that 
a  small  balluou  inserted  into  the  pyloric  antrum  recorded  a  distinct  form  of 
rhythmic  movements.  These  movements  were  characterized  by  contractions 
and  relaxations  in  regular  succession;  each  cycle  being  completed  withiu  10 
to  30  seconds. 

J.  Auer's"^  excellent  paper  on  the  motility  of  the  rabbit's  stomach  strongly 
supports  the  contentions  of  the  older  school.  He  summarizes  his  results  as 
follows:  "From  observations  made  on  normal  rabbits  by  inspection  and  by 
the  amplifieatiou  of  these  data  by  operative  exposure  of  the  stomach  after  the 
innervation  of  the  viscus  had  been  modified,  it  was  found  that  a  gastric  wave 
of  contraction  is  usually  composed  of  two  well-defiued  phases  which,  at  the 
height  of  digestion,  succeed  each  other  in  orderly  fashion.  During  the  first 
phase  a  contraction  appeai-s  on  the  stomach  near  the  esophageal  insertion  and 
travels  peristaltically  to  the  sphincter  antri,  apparently  skipping  in  its  course 
an  angular  section  of  the  preantrnm,  the  constriction  at  the  beginning  of  the 
preantrum  being  maintained.  During  the  second  phase  the  sphincter  antri 
contracts  strongly,  and  during  this  contraction  the  rest  of  the  antrum  contracts 
in  foto,  moving  towards  the  preantrum,  and  expelling  the  antral  contents 
largely  or  entirely  into  the  preantrUm,  causing  the  latter  to  bulge  markedly. 
Tlie  antrum  then  relaxes  slowly  and  with  this  relaxation  the  preantrum  sinks 
away  usually  without  signs  of  peristalsis."  Hence,  "a  complete  gastric  wave 
of  contraction  in  the  rabbit  seems  to  be  produced  by  the  orderly  interaction  of 
two  more  or  less  independent  parts,  one  of  which  originates  in  the  middle 
of  the  stomach  near  the  esophagus,  and  the  other  in  the  neighborhood  of  the 
preantral  muscle  sling.     Either  part  may  occur  without  the  other.'" 

The  latter  statement  of  Auer  would  lead  to  the  assumption  of  a  dual  set 
of  cxcitors  to  motility  in  the  two  portions  of  the  stomach,  however,  the  work  of 
Alvarez'**  has  shown  that  under  normal  conditions  the  stomach  follows  gradients 
of  irritability,  rhythmicity  and  latent  period  from  the  cardia  to  pylorus. 

Cole,"  from  a  study  of  serial  radiographs  of  the  human  stomach,  has  shown 
that  the  sphincter  bears  a  definite  relationship  to  the  antrum.  That  is,  the 
amount  of  contraction  of  the  sphincter  is  in  proportion  to  the  activities  of 
gastric  waves.  "VV^lien  the  gastric  peristalsis  is  feeble  the  contractions  of  the 
sphincter  are  weak;  when  the  gastric  movements  are  strong,  the  sphincter  is 
more  strongly  contracted.  He  has  further  shown  that  during  the  "systole"  or 
active  phase  of  every  gastric  cycle  the  pyloric  ring  is  open  and  a  small  amount 
of  gastric  contents  is  propelled  through  its  lumen  into  the  "reservoir  cap." 
The  "terminal  peristaltic  wave"  which  has  meanwhile  been  advancing  toward 
the  pyloric  ring,  upon  reaching  the  sphincter,  effects  its  closure  so  that  the 
lumen  is  entirely  oblitei-ated,  or  visible  only  as  a  thin  line. 

The  paper  by  Luckhardt,  Phillips  and  Carlson'^  is  of  special  interest  at  this 
point.  They  observed  both  graphically  and  fluoroscopically  that  in  man  the 
"pylorus"  opens  for  the  ejection  of  chyme  with  the  arrival  at  the  pyloric  sphmc- 
ter  of  pf)werful  advancing  rings  of  contraction  aided   possibly  by   a   general 
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inereasi'  in  tone  of  the  imisuulaturf  iil'  tln'  stDiiuirli  as  a  wlioli'.  lu  (lo<rs  the 
jrastric  content  was  observed  to  issue  from  a  (liiodenostoniy  either  during  a 
marked  rise  in  gastric  activity,  or  more  commonly  just  at  or  after  the  peristaltic 
wave  passing  over  the  stomach  had  affected  its  greatest  increase  in  intragastric 
pressure.  They  furtlier  demonsti-ated  that  a  more  definite  relation  exists  be- 
tween the  muscular  activity  of  the  stomach  and  the  opening  of  the  pyloric 
sphincter  than  between  the  opening  of  tlie  sphincter  and  the  reaction  of  the 
gasti'ie  contents.  In  discussing  their  observations  in  rrlatidii  to  the  findings  of 
Alvarez,  they  state:  "With  a  gradient  higher  in  the  body  of  the  stomach  than 
near  the  pylorus,  the  increased  pressure  coming  from  above  effects  the  opening 
of  the  pylorus  even  before  the  free  acidity  has  reached  a  concentration  sufficient 
to  assure  chemical  control  of  the  sphincter."'  Their  graphs  are  mo.st  instructive 
and  convincing.  Just  prior  to  the  above  i-eport  Ivy"  made  the  observation  that 
water  issued  from  the  dog's  .stomach  in  such  a  manner  as  to  indicale  a  dependence 
upon  the  peristaltic  waves  in  tlie  stomach.* 

Such  observations  definitely  establish  the  aiiti-uiii  as  an  organ  of  special 
motility,  the  purpose  of  which  is  to  mi.x  the  ingesta  and  bring  it  into  contact 
with  the  gasti'ie  juices,  and  to  propel  the  semidige.sted  chyme  onward  into  the 
duodenum.  Save  for  the  observations  of  Cole  and  Luckhardt,  Phillips  and 
Carlson,  but  liltli'  definite  woik  lias  been  done  on  the  relation  of  motility  in  the 
antrum  to  that  of  the  spliindi'i'.  The  lack  of  information  concerning  the  motor 
relation  between  tlie  antrum  and  si)liineter  is,  no  doidjt.  the  result  of  the  usually 
accepted  theory  of  an  "aeiil  control  of  the  pyloi-us."  Cole  drew  liis  conclu- 
sions from  a  study  of  serial  radiographs  of  the  human  stomach.  Luckhardt, 
Phillips  and  Carlson  observed  the  egress  of  gastric  contents  from  a  duodenal 
fistula  in  relation  to  pressure  changes  in  the  stomach.  Their  results  were  also 
checked  radiographieally,  both  in  the  dog  and  man.  ilany  observers  have  used 
tiie  balloon  method  to  study  motility  in  tlic  filled  or  empty  stomach.  However, 
we  have  failed  to  find  any  record  of  simultaneous  tracings  obtained  from  the 
antrum  and  sphincter.  The  motor  relations  between  the  si)hincter  and  antrum, 
here  reported,  are  the  results  of  studies  of  simultaneous  tracings  obtained  from 
the.se  two  j)arts. 

FIXCTIONAI.   ANATO.MV   OP  THE  PARS   I'VLORICA 

A  bi-ief  di'sci'ipliiiii  of  the  structure  of  the  terminal  portion  of  the  stomach 
seems  to  be  justifialile  in  oilier  to  make  clear  the  results  (ibtaiiicd  by  graphic 
))rocedures. 

The  pars  pyloi-ica  of  ihi'  dng's  slmiiacli  is  structurally  the  (Miuivah'Ut  of 
a  vent  the  diameter  of  which  diiiiinishcs  |)i-ogressively  toward  tlic  pyloric  sphinc- 
ter. (Fig.  1.)  The  inner  wall  of  the  right  i)ortion  of  the  stomach  shows  the 
orifice  which  constitutes  the  entrance  to  the  ])ars  i)ylorica  clearly  defined.  The 
upper  rim  of  the  orifice  which  is  coincident  with  the  incis\ira  angularis  forms 
a  definite  ring  which  in  its  course  becomes  attenuated  to  aid  in  the  formation  of 
the  wall  of  the  veslibnlc  on  llic  grealei-  curvature.     The  angle  of  descent  of  the 

•Since  the  complilioii  of  lliis  paptr  McClurc.  UcyiioKK  .in.l  SL-liwarlz,'"  (rom  fluimiscopic  slmlics.  as- 
»<Tt  that  under  nnrni.il  conditions  llic  liununn  pyloric  uphinctcr  opens  reitnlarly  at  the  appro.ich  of  each 
antral  perialaltic  wave,  allows  chyme  to  pass  throUKh  into  the  ihindenuni  dnrinR  a"  apiircciahle  length  of 
lime,  and  closes  when  the  antral  peristaltic  wave  has  spent  itself.  They  further  report  that  ncid  is  not  the 
principal   factor  controlling  the   opening  and   closing  of   the   pyloric   sphincter   in   men. 
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fibers  ill  this  stnictiin'  dccii'ascs  to  a  point  opposite  the  imrisiira  aii<riilaris.  Hy 
i-casou  of  this  distribution  of  the  circular  fibers  the  vestibule  or  preantral  region 
assumes  the  form  of  a  triangle  the  apex  of  which  is  at  the  rim  of  muscle  forming 
the  incisiu-i.  This  condition  is  graphically  shown  in  Fig.  1,  in  which  the  tri- 
angle is  indicated  as  formed  by  that  ])ortion  of  the  stomach  lying  within  points 
I  A,  X  and  C.  The  pars  pylorica,  or  outlet  of  the  stomach,  therefore,  may  be 
considered  as  arising  at  the  iucisura  angularis  on  the  lesser  curvature  and  a 
point  opposite  ou  the  greater  curvature  where  the  circular  fibers  lie  in  a  plane 
transverse  to  the  long  axis  of  the  antrum.  The  terminal  portion  of  this  region 
is  represented  by  an  accumulation  of  circular  fibers  which  form  the  pyloric 
sphincter,  or  valvula  pylori,  B.N.A.     In  the  majority  of  the  dogs  observed  the 


Fig.  1. — Diagrams  of  the  dog's  stomach.  X.  Outline  of  posterior  half  of  stomach  showing  the 
tion  of  the  fundus  to  the  vestibule,  antrum  and  sphincter.  5.  Cap.  Duodenal  cap  or  beginning  of  the 
small  intestine.  AA.  Line  of  incision  of  stomach  to  show  the  right  half  of  the  stomach.  Note  the  forma- 
tion of  the  outlet  and  the  relation  of  the  vestibule  to  the  antrum. 

musculature  of  the  sphincter  was  accentuated  on  the  greater  curvature.  The 
pyloric  canal  is  a  rather  variable  factor,  although  it  is  usually  described  as  the 
aperture  leading  from  the  tei-minal  portion  of  the  antrum  into  the  duodenum. 
Functionally  the  extent  of  the  canal  is  determined  by  the  amount  of  muscle 
involved  in  au  antral  contraction  plus  sphinctei'ic  action  for,  as  will  be  shown 
later,  the  pyloric  ring  only  represents  an  accumulation  of  functional  units  of 
the  terminal  portion  of  the  antrum. 

EXPERIJIENTAL    METHODS 

The  observations  here  reported  were  made  upon  44  operated  and  normal 
dogs.     All    operative   procedures   were    carried    out   under    ether   anesthesia. 
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Grajilik-  rot'ords  wci-c  obtained  botli  on  tlic  aiicstlictizcd  and  conseioiis  animals 
following:  the  operation  at  various  intervals.  Briclly,  the  ojieration  consisted 
of  passing  an  enterojrraph  into  the  pyloric  canal  and  antrum  tliroufrh  an  in- 
cision in  the  fundic  portion  of  the  stomach.  After  securinfr  the  recording 
apparatus  iu  position  the  ojiening  in  the  stomach  was  closed  by  a  purse-string 
suture  about  one  or  more  tubes  leadin<r  from  the  placed  apparatus.  Aseptic 
precautions  were  observed  iu  all  cases  in  which  the  animal  was  permitted  to 
live  for  a  period  longer  than  12  hours. 

The  various  types  of  apparatus  used  for  obtaining  graphic  results  of  antral 
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Fig.  2. — Diagrams  of  apparaltis.  A.  Uoul>lc  flexible  cnicrograj)Ii.  B.  Kigid  or  spindle  cntcrograph. 
/.  Air  chamber  in  pyloric  canal;  J.  in  antntni.  I'.  \'eiUs  leading  to  water  manometers;  C  tambour  myo- 
graph showing  air  chamber  (;)  and  vent  {I');  .J,  rigid  arm  for  anchorage  of  sphincter  or  segment  of  gut. 
Condom  rubber  use<l  for  chambers  -»  of  .'f  and  B;  finger  col  for  chandlers  /  of  A  and  B.  D.  Water  manom- 
eter; ,V,  reservoir  bowl  containing  water;  V,  check  biiwl  for  receiving  water  should  pressure  force  colilmn 
to  such  a  height:  I',  vent  leads  from  chamber  Y  in  such  a  manner  as  to  prevent  easy  exit  of  water  from 
bowl.      This  manometer  was   f.innd   l..   !.<■  of  special   use  in   obtaining  traces   from   the   human   stomach. 

and  sphincter  action  arc  iiKidilicjilions  of  the  i)ylorograph  described  in  our 
j)revious  paper.'  Ftn-  llic  sake  of  cimvcnicncc  wc  li;ivc  tci-nicd  llicsc  iiioilified 
balloons  cnterographs.  In  bricl'  they  cdiisist  of  iwn  i-li;inibci-s,  inic  of  which 
t)ccupies  the  pyloric  canal;  the  other  the  anlruin.  The  details  of  construction 
arc  shown  in  F'ig.  2.  The  balloon  ciiambcrs  arc  connected  by  means  of  heavy 
i-iilibrr  tiiiiing  witii   \\;itri-  in;iiicinirtcrs    (Fig.  21)  i    carrying   from   .">  tn  20  cm. 
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of  water  iJi-cssure  for  balloon  distention.  Piston,  bellows,  and  tambour  recorders 
were  used  for  registrafinii  of  motility.  Save  for  tlie  watei-  manometers  air 
transmission  was  used  entirely. 

EXPERIHEXTAL   RESILTS 

(^1.)  Direct  Observations  on  the  Exposed  Stomach. — In  the  filled  stomach 
exposed  in  a  warm  saliue  bath,  waves  of  peristaltic  contraction  arise  in  the 
re»ion  of  the  pars  media  on  the  greater  curvature.  The  constriction  band  then 
travels  toward  the  antral  region  gaining  in  strength  as  it  progres.ses.  The 
depth  of  contraction  is  often  greatest  just  in  front  of  the  vestibule  at  which 
point  the  contraction  is  often  completed.  However,  the  phenomena,  which 
usually  follows  the  arrival  of  a  constriction  band  at  the  vestibule  is  a  slight 
wave  of  contraction,  barely  visible  to  the  naked  eye,  which  sweeps  over  the 
entire  vestibule  or  "preantral  sling"  to  begin  again  as  a  powerful,  progressive 
peristaltic  wave  which  passes  along  the  first  part  of  the  antrum.  At  times  a 
peristaltic  wave  passes  progressively  from  its  origin  over  the  vestibule  and 
first  portion  of  the  antrum.  We  have  seen  a  condition  analogous  to  that  de- 
scribed b,v  Auer'"  in  the  rabbit  in  w^iieh  a  peristaltic  wave  reaches  the  pre- 
antral region  either  to  cease  or,  after  a  pause,  to  manifest  itself  again  in  the 
first  portion  of  the  anti'um.  We  have  also  noted  antral  action  independent  of 
fundie  action.  However,  we  are  of  the  opinion  that  the  continuous  wave 
represents  more  nearly  the  normal  movement  of  the  moderately  filled  dog's 
stomach. 

The  appearance  of  a  peristaltic  wave  in  the  region  of  the  antrum  is  fol- 
lowed by  antral  activity.  This  motility  of  the  antrum  which  begins  at  the 
right  of  the  iucisura  angularis  continues  as  a  progressive  movement  which 
finally  terminates  in  the  closure  of  the  sphincter.  Therefore,  a  wave  of  motility 
in  the  dog's  stomach  may  progress  from  its  origin  over  the  entire  gastric  sur- 
face to  terminate  in  the  closure  of  the  sphincter.  The  longer  diameter  of  the 
antrum  was  observed  to  contract  just  preceding  the  beginning  of  contraction 
of  the  circular  fibers,  but  a  simultaneous  contraction  of  the  antrum  in  toto  was 
not  observed  by  us.  However,  w'e  have  seen  the  entire  antrum  in  a  state  of 
contraction  sufficient  to  cause  marked  anemia  of  the  parts.  This  anemia  begins 
in  the  gastric  end  of  the  antrum  and  gradually  increases  in  extent  until  the 
entire  antrum  is  bloodless.  At  such  a  time  the  sphincter  begins  to  lose  color 
and  this  loss  of  color  persists  during  the  return  of  blood  to  the  gastric  portion 
of  the  antrum  or  at  a  time  of  antral  relaxation.  This  distribution  of  blood  in 
the  pars  pylorica  is  analogous  to  the  tracings  to  be  described  later,  i.e.,  antral 
contraction  followed  by  sphincter  contraction.  Inhibition  was  observed  in  the 
antrum  as  a  whole  just  before  the  beginning  of  its  active  phase,  but  was  never 
observed  to  occur  in  antral  fibers  caudal  to  the  point  of  constriction.  On  the 
other  hand,  marked  relaxation  follows  behind  the  contracting  portions.  So 
marked  is  this  wave  that  it  might  well  be  called  an  advancing  wave  of  relaxa- 
tion, which  progressing  over  the  antrum  and  sphincter  return  these  structures 
to  their  quiescent  phase. 

(fi.)  Graphic  Obscrratiov^.—l.  Rhythmic  Motility  of  the  Antrum.— The 
antrum,  like  the  pyloric  si)hineter,  demonstrates  rhythmic  activity.     The  in- 
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ilividuiil  L-yc'les  consist  of  phases  of  coiitnictiDii,  relaxation.  <|iiii'seciii-c  and 
inliiiiition.  These  pliases  follow  each  other  in  an  orderly  se(|iience  and  are 
maintained  for  hours  hoth  in  the  filled  and  recently  emptied  stomach.  These 
cycles  appear  at  the  rate  of  from  o  to  .'>  ])cr  minute,  that  is,  each  cycle  re- 
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laniliour  bcKuil  imnicdiali'ly  following  optTalioii.  C.  ICxpc'rimcnl  2(i;  February  14,  1920.  Ether  for  opera- 
tion; records  obtained  from  conscious  animal.     Numerals  indicate  synchronous  points. 


(jiiircs  from  12  to  20  seconds  for  its  completion.  Rhythmic  contractions  of 
the  antinm  are  not  lost  because  of  a  li^'ht  etlier  anesthesia,  or  following 
denervation  of  the  entire  stomach. 
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ClKiriieteristic  antral  cycles  are  shown  graphically  in  Figures  15  and  4. 
'i'lic  antral  cycles  shown  in  these  two  figures  while  analogous  in  character, 
(lemoiisti-ate  certain  variatiinis.  The  trace  in  Fig.  4,  B,  was  obtained  hy  using 
a  flexible  enterogi-apli  witii  a  rather  large  balloon  in  the  antrum.  Sueh  a 
balloon  of  necessity  occupies  the  entire  antrum  and  possibly  a  portion  of  the 
preantral  region,  hence  it  Mill  transmit  i)ressure  changes  occurring  in  the 
region  occupied  from  the  very  beginning  and  throughout  the  contractile 
period  of  the  entire  antrum.  With  such  an  apparatus  the  greatest  degree  of 
depression  in  these  cycles  occurs  as  the  final  phase  of  relaxation.  From  this 
point  on,  tone  is  gained,  superimposed  upon  which  appears  the  jiliase  of 
contraction.  'I'lic  wave  of  contraction  is  rapidly  completed  and  does  not 
demonstrate  a  holding  pjuise,  possibly,  because  of  reduced  pressure  (inhibi- 
tion or  relaxation)  in  the  preantrum  and  beginning  portion  of  the  antrum. 
Sueh  graphs  are  very  similar  to  those  obtained  with  a  free  balloon  in  the 
l)artially  filled  or  empty  stomach.  The  antral  tracings  of  Fig.  3  are  typical 
of  those  obtained  with  a  spindle  enterograph,  a  small  balloon,  firmly  held  in 
IJosition,  constituting  the  antral  jiortion.  Sueh  graphs  demonstrate  a  plateau 
or  sustained  contraction  following  the  initial  rise  of  the  lever.  The  plateau 
gradually  declines  at  the  end  of  the  contraction  phase  and  then  the  lever 
falls  rapidly  to  reach  its  lowest  point  or  a  quiescent  phase  which  is  soon 
followed  by  a  definite  wave  of  inhibition.  This  latter  type  of  response,  which 
is  well  shown  in  Fig.  3,  A,  was  the  one  most  commonly  observed  in  our  series 
of  experiments.  In  those  cases  where  the  greatest  degree  of  relaxation  follows 
immediately  upon  the  contraction  phase  there  appears  a  gradual  ujiward  climb 
of  the  lever,  however,  this  is  \isually  broken  by  a  wave  of  iniiibition  which 
occurs  .just  prior  to  the  appearance  of  the  ]iositive  ])hase. 

II.  Motility  of  the  Pars  Pylorica. — Direct  observations  of  the  pars  pylorica 
at  a  time  of  active  motility  are  difficult  to  interpret.  However,  a  double 
enterograjili.  mir  chamber  of  which  is  insertetl  into  the  jiyloric  canal,  the 
other  into  the  antrum,  gives  definite  information  as  to  the  functional  relation 
111'  the  antrum  to  the  sjihincter.  Recording  levers  attached  to  the  chambers 
of  the  (Miterogi'apii  demonstrate  rhythmic  activity.  The  movements  in  the 
two  portions,  however,  do  not  occur  synchronously,  but  they  do  occur  rhyth- 
mically and  at  definite  intervals  of  time,  depending  upiui  tiie  distance  between 
ihe  two  rereivinii'  clianiliiTs  of  the  eiili'niL;ra|ih.  'I'lie  Iwci  le\ers  do  not  neces- 
sarily bear  any  delinite  relatinii  to  each  (illier  in  their  degree  of  oscillation, 
although  they  are  phieed  so  as  to  '/[W  liie  same  degree  of  magnificat  inn  and 
are  working  undei-  the  same  pressure.  Ilnwever.  I  lie  movements  of  the  antral 
h'\ei'  are  always  iimre  regular  and  less  variaiile  than  tliose  of  the  si>hincter. 
At  no  time  did  a  contraction  of  the  antrum  occur  wliirh  was  not  followed  by 
some  motor  resiionses  nf  tlie  spliincter  (Fig.  4,  .li.  Such  a  response  might 
iiave  been  anticipated  in  vie\\-  of  the  fact  that  tiu>  cireidar  fibers  constituting 
the  sphincter  repi-esent  a  piling  up  at  a  delinite  point  of  tlie  circular  coat  of 
the  antrum  itself. 

Incidenlailx'  it  ma\'  be  stated  llial  we  frecpienlly  had  occasion  to  observe 
the  infiuenee  (if  alxliiiiiinal  anil  gastric  incisions  upon  tiic  gastric  inolility.  It 
was   I'liiind  thai    wliile  sueli   nianipulal  i(ins  i lificd   Lraslrie  nintilily  as  to  degree 
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they  did  not  abolish  it  and.  in  fact,  appeared  not  to  interfere  seriously  with 
the  emptying  of  the  stomaeh.  It  will  be  noted  that  these  findings  do  not  agree 
with  observations  on  other  laboratory  animals,  e.  g.,  those  of  Auer^'  on  the 
rabbit.  So  far  as  we  could  determine  by  the  methods  employed  the  degree  of 
motility  of  the  antrum  and  sphincter  was  not  perceptibly  aflfeeted  by  ether 
anesthesia  of  a  moderate  depth.  With  the  development  of  a  deep,  surgical 
anesthesia  there  resulted  a  gradual  reduction  of  motility.  Complete  loss  of 
motility  and  residual  touas  could  be  obtained  only  under  excessive  doses  of  the 
anesthetic.^  Graphic  results  obtained  while  the  animal  was  under  a  light 
anesthetic  and  at  various  times  following  recovery  from  the  anesthetic  were  of 
the  same  type  and  nature.  However,  our  best  results  were  obtained  from  dogs 
sufficiently  etherized  to  barely  abolish  voluntary  reflexes. 

The  time  relations  of  the  activities  in  the  antrum  and  sphincter  are  shown 
graphically  in  the  tracings  of  Figures  3  and  4.  In  these  tracings  it  will  be 
noted  that  the  antrum,  like  the  sphincter,^  demonstrates  cycles  of  rhythmic 
motility.  The  antral  cycles  show  the  same  duration  as  those  of  the  sphincter, 
however,  the  duration  of  the  phases  is  not  the  same  in  the  two  structures. 

The  tracing  of  Fig.  4,  B  was  obtained  with  a  double  enterograph,  a  large 
balloon  constituting  the  antral  chamber.  In  this  tracing  the  antral  contraction 
has  maximally  relaxed  at  the  moment  of  complete  contraction  of  the  sphincter, 
numerals  2,  5  and  3.  The  sphincter  goes  into  action  only  after  the  antral  con- 
traction is  well  started,  numerals,  1,  4  and  2.  The  maximal  relaxation  of  the 
sphincter  in  this  trace  occurs  during  the  active  phase  of  the  antrum,  on  the 
contrary  the  antrum  shows  its  greatest  degree  of  relaxation  at  a  time  when  the 
sphincter  is  actively  contracting.  Immediately  following  complete  relaxation 
the  antrum  gains  tone  iip  to  the  point  of  a  second  positive  phase.  During  this 
time  the  sphincter  is  rapidh'  relaxing.  Hence,  the  trace  demonstrates  a  con- 
stant type  of  alteration  in  the  phases  of  the  two  parts.  Such  graphs  have 
been  taken  for  hours,  both  on  the  anesthetized  and  conscious  dogs  without 
showing  alterations  in  the  response  between  the  antrum  aud  sj^hincter.  The 
three  tracings  shown  in  Fig.  3  were  obtained  with  a  rigid,  double  enterograph, 
a  small  balloon  constituting  the  antral  chamber  (Fig.  2,  B).  Inhibition  in  the 
antrum  preceding  a  contraction  is  well  shown  in  the  trace  A,  aud  in  the  last  4 
cycles  of  trace  B.  In  trace  C  no  definite  phase  of  inhibition  is  shown  preceding 
the  phase  of  contraction.  A  similar  condition  holds  for  the  sphincter.  In  this 
trace  a  decided  phase  of  quiescence  is  common  to  both  antrum  and  sphincter, 
although  the  active  phases  in  the  two  parts  are  the  same  as  those  described 
above.  In  traces  ^4  and  B  the  sphincter  demou.strates  a  more  or  less  well  defined 
relaxation  or  inhibition  which  occurs  during  the  active  jihase  of  the  antrum. 
In  the  graphs  of  Fig.  3  and  Fig.  4,  B,  the  sphincter  demonstrates  its  active 
phase  in  such  a  manner  as  to  reach  its  maximum  while  the  antrum  is  relaxing, 
also  the  sphincter  shows  its  greatest  degree  of  relaxation  during  the  first  portion 
of  the  active  phase  of  the  antrum. 

The  irregularities  in  the  sphincter  curves  as  shown  at  points  6  to  7,  aud  10, 
of  Fig.  3,  A,  and  those  of  trace  B,  of  the  same  plate  appear  to  result  because  of 
activities  of  the  duodenum.  During  the  registration  of  trace  C  the  duodenum 
was  observed  to  be  iu  a  quiescent  state,  and  it  will  be  noted  that  the  rise  aud 
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fall  of  the  sphincter  curve  is  iiiiiforni.  Later  in  the  exjjeriment,  however,  the 
duodenum  did  demonstrate  rhythmic  or  sejrmental  action  for  a  short  period, 
and  (lurini;-  this  pci'iod  alterations  occurred  in  the  activities  of  the  sphincter, 
Fi>r.  4,  .1.  la  s])iti'  of  the  variations  in  sphincteric  action  the  relation  of  its 
major  activities  to  that  of  the  antrum  is  maintained.  The  relation  of  duodenal 
activity  to  that  of  the  antrum  and  sphincter  is  now  under  consideration  and 
will  be  reported  in  a  later  paper. 

Results  of  a  similar  nature  were  obtained  hy  the  use  of  a  tambour  myograjih 
(Fig.  2,  C)  applied  to  the  exterior  of  the  sphincter  and  a  balloon  of  moderate 
size  in  the  antrum  (Fig.  5).  In  this  case,  as  elsewhere,  the  antral  contraction 
is  followed  by  a  sphincteric  eontractiini  which  reaches  its  height  during  the 
period  of  relaxation  of  the  antrum. 


VUu/i 


t,  1.2  3 


'*"Nj*»v%,#i'«j. 


warm  saline.  A.  bphinctcr  contractions  obtained  with  taniliutir  niyugrapli  (,I*ig.  Jt>.  liccausc  ol  the  stiuc- 
ture  of  the  myograpli  the  down  stroke  in  the  trace  represents  contraction,  ti.  Gastric  motility  obtained  by 
using  a   small    free   b.-illuon    in   the   stomach. 


The  iTsulls  (if  (iiir  griipbic  (ibscrvat  ions  arc  siiiiiiar  in  luiturc  to  those  ob- 
tained by  (iii'cct  observation  nf  tiir  stomacii,  namely,  blanching  of  the  antrum 
during  its  |)ositive  ])hase  fnlbiwid  by  loss  of  color  in  the  sphincter  wbni  it 
enters  upon  its  eoni  ract  ion  phase.  This  loss  ol'  color  in  tlic  sphincter  occurs  at 
a  time  of  rajjid  return  nf  rciliir  in  the  antrum;  tlic  tlusli  in  the  s]ihineter  ap- 
pearing again  wilb  the  lilanching  of  the  tirsi    part  of  the  antrnni. 

Such  resiihs  ib'linili'ly  show  llnit  the  aiilrum  oitcrs  u|)oii  and  reaches  its 
height  of  coni  rai't  inn  at  a  tiiiic  when  ihr  spbinrtcr  is  relaxing  ov  (piicscent  and 

that  the  spliinetei-  ^.-nes  into  aetiun   s e  lime   later  to   reacii   the   height  of  its 

contraction  at  a  time  when  tlu'  antrum  is  begiiuiiiig  to  relax  or  is  rajiidly  re- 
laxing.    A   period  of  (piiescence,  or  relaxation,  is  then  common  to  both  antrum 
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and  sphincter.  Tlie  sphincter  and  antrum  both  invariably  show  some  degree 
of  relaxation  (inhibition)  immediately  prior  to  their  active  phases;  the  sphinc- 
ter demonstratinfr  inhibition  during  the  active  phase  of  the  antrum,  and  the 
antrum  during  the  period  of  relaxation  of  the  sphincter.  Hence,  the  activities 
of  the  antrum  and  sphincter  taken  together  may  be  considered  as  constituting 
a  cycle  of  the  pars  pylorica. 

The  duration  of  the  phases,  as  indicated  above,  is  not  the  same  in  the  two 
portions  of  the  pars  pylorica,  neither  do  they  develop  their  maximal  activity 
simultaneously.  The  sphincter  contraction  begins  at  a  time  when  the  antral 
contraction  is  already  practically  maximal  and  does  not  I'each  its  maximum 
until  the  antral  contraction  has  disappeared.  That  is,  the  phase  of  contraction 
of  the  sphincter  covers  the  period  of  sustained  contraction  and  the  greater 
portion  of  the  relaxation  phase  of  the  antrum.  The  sphincter,  therefore,  acts 
in  such  a  manner  as  to  cover  a  negative  phase  in  the  antrum  and  add,  on  the 
average,  2  and  ^>  seconds  to  the  positive  phase  of  the  pars  pylorica.  Thus  it 
will  be  seen  that  the  sphincter's  contraction  serves  to  supplement  that  of  the 
antrum  and  to  guard  against  the  return  of  material  that  has  been  forced  into 
the  duodenum  by  the  preceding  antral  contraction.  Inhibition  of  a  more  or 
less  marked  degree  immediately  precedes  the  development  of  the  positive  phase 
of  the  cycle  in  both  the  antrum  and  sphincter.  In  the  sphincter  the  occurrence 
of  this  inhibition  is  usually  simultaneous  with  the  development  of  the  active 
or  contraction  phase  of  the  antrum.  This  inhibition  of  the  sphincter  may  be 
regarded,  therefore,  as  an  example  of  Langley's  law  of  the  intestine  since  it 
removes  the  tonus  of  the  normal  antagonist  of  the  antrum  and  facilitates  thereby 
the  antral  function. 

If  the  above  conclusions  are  justifiable  then  the  activities  of  the  two  parts 
(antrum  and  sphincter)  must  be  coordinated  and  to  a  high  degree  dependent 
upon  each  other.  •  In  other  words,  the  activity  of  the  lower  segment  should  de- 
pend upon  the  reception  of  waves  of  excitation  and  inhibition  passed  into  it 
fi'om  the  segment  above.  The  results  reported  appear  to  justify  such  conclu- 
sions, however,  the  following  experiments  were  performed  to  determine  whether 
or  not  such  a  condition  subtends  for  this  region  of  the  stomach. 

Immediately  following  the  operation  for  the  placement  of  a  pylorograph 
(surgical  anesthesia)  and  while  the  stomach  was  in  a  state  of  inactivity  the 
effects  of  electrical  stimulation  of  the  antrum  upon  the  sphincter  were  noted. 
Graphic  results  of  such  procedures  are  shown  in  Fig.  6.  Curve  .9  iu  this  figure 
represents  the  motor  response  of  the  sphincter  to  an  electrical  stimulus  applied 
to  the  stomach  2  and  I/2  inches  from  the  sphincter.  This  curve,  obtained  by 
the  use  of  the  pylorograph,  demonstrates  a  characteristic  wave  of  contraction 
and  relaxation  after  a  latent  period  of  4  and  V2  seconds.  A  similar  curve  is 
shown  at  4  in  the  same  figure.  The  small  secondary  responses  in  these  two 
tracings  were  observed  to  occur  in  conjunction  with  a  wave  of  motility  in  the 
first  part  of  the  duodenum.  Direct  stimulation  over  the  sphincter  also  caused 
it  to  contract,  usually  after  a  latent  period  of  but  1  to  2  seconds,  curve  5. 
Similar  results  were  obtained  following  stimulation  of  the  first  part  of  the 
duodenum,  curves  6  and  ~.  Kesults  of  the  same  nature  may  be  obtained  on  the 
active  stomach. 
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This  experiment,  whieh  is  ty])ieal  of  the  series  of  similai-  observations, 
seems  to  point  to  a  motor  control  of  the  sphincter  because  of  impulses  trans- 
mitted to  it  through  the  antrum.  However,  this  experiment  docs  not  directly 
show  inhibition  of  the  sphincter  as  the  result  of  antral  activity.  This  may  be 
accounted  for  upon  the  assumption  that  a  quiet  and  more  or  less  atonic  prepa- 
ration fails  to  regi.ster  other  than  contractile  phenomena.  Therefore,  inas- 
much as  a  definite  latent  period  exists  between  the  application  of  a  stimulus  to 
the  antrum  and  a  positive  phase  in  the  sphincter,  the  length  of  the  latent 
period  depending  upon  the  distance  of  the  electrode  from  the  sphincter,  it  may 
be  a.ssumed  that  the  sphincter  is  not  excited  because  of  the  stimulation  applied 
to  the  antrum  but  by  the  transmission  of  a  positive  wave  of  contraction  which 
passes  over  the  pars  pyloriea. 

III.  Kadiographie  and  Graphic  Results. — The  above  reported  results,  if 
correct,  should  be  observable  in  the  unoperated  animal  by  means  of  the  x-rays. 
That  is,  if  the  antrum  and  sphincter  demonstrate  coordinated  motilitj',  radio- 
grams taken  at  short  intervals  during  the  passage  of  an  opaque  meal  from  the 
stomach  should  show  a  constant  relation  in  the  distribution  of  the  meal  during 
the  same  phase  of  activity  in  any  given  part  of  the  stomach.  That  this  is  so  for 
man  has  been  clearly  shown  by  the  studies  of  Cole.  Luckhardt,  Phillips  and 
Carlson  who  observed  fluoroscopieally  the  exit  of  an  opaque  meal  in  dogs  pro- 
vided with  a  duodenal  fistula,  also  found  that  the  activities  of  the  sphincter 
bore  a  definite  relation  to  those  of  the  antrum. 

The  three  drawings  in  Fig.  7,  A  represent  the  form  relation  of  the  antrum 
to  the  sphincter  during  a  characteristic  cycle  of  the  pars  pyloriea.  In  No.  3 
the  antrum  is  shown  pouring  its  contents  through  the  widely  relaxed  sphincter 
into  the  duodenum,  the  size  of  the  antrum  is  much  reduced,  and  the  sphincterie 
canal  and  duodenum  are  engorged  with  the  barium  mixture.  Following  this 
stage  the  sphincter  actively  closes  as  is  shown  in  No.  4,  by  the  narrow  hairline 
of  barium  connecting  the  duodenum  and  antrum.  At  this  time  the  antrum 
shows  rapid  relaxation  as  indicated  by  the  increase  in  size  and  loss  of  tonicity. 
Relaxation  of  the  antrum  continues  from  this  point  on  as  is  shown  by  the 
changes  in  the  position  of  barium  in  this  region  and  the  stomach  as  a  whole. 
In  the  last  cut  the  stomach  as  a  whole  demonstrates  an  inactive  phase  although 
the  duodenum  shows  active  segmentation.  The  sphincter  during  this  time  of 
complete  antral  relaxation  (diastole)  is  free  of  barium,  as  shown  in  No.  5. 
These  three  drawings  from  a  series  of  successive  radiograms  obtained  from  a 
normal  dog's  stomach  are  equivalent  in  nature  to  the  results  obtained  by  direct 
observation  and  by  the  use  of  graphic  means;  that  is,  the  antrum  is  actively 
contracting  to  pass  material  into  the  duodenum  at  a  time  of  quiescence  on  the 
part  of  the  sphincter,  and  the  sphincter  is  clo.sed  during  the  period  of  begin- 
ning relaxation  of  the  antrum ;  an  inactive  period  associated  with  different  tone 
levels  then  being  common  to  both. 

The  relation  of  the  sphincter  to  the  antrum  was  further  studied  by  com- 
bining radiographic  and  graphic  methods.  This  was  accomplished  graphically 
by  securing  an  open  pylorograph — the  equivalent  of  an  open  cylindrical  bal- 
loon— in  the  pyloric  canal.^  This  device  permits  the  recording  of  the  sphincter's 
motility  and  at  the  same  time  allows  the  stomach  to  pass  its  contents  into  the 
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small  intestine.  The  aiiinial  was  permitted  to  reeover  from  the  operation, 
(usually  tweuty-four  hours),  at  whieh  time  graphic  records  were  begun.  Fol- 
lowing this  a  barium  mixture  was  given  by  means  of  the  stomach  tube.  "With 
the  graphic  metliod  it  was  possible  to  take  radiograms  at  will,  of  any  phase  of 
the  sphincter's  action.  Such  radiograms  not  only  show  the  position  of  the 
sphincter  but  also  the  position  of  the  barium  in   all   jiarts  of  the  stomach  and 


jN'ii 


.  '■'»!■  '—I'^'viigs  from  r.-iil..iBi.ims  sIkiwiiik  the  riLilion  of  the  .inm.m  lo  ihc  sphiiKHr.  A.  Experi- 
mcnl  32;  l-<.-l)rnary  18,  1»_'0.  Normal  doR  starved  i  hours.  B.  Kxpcrimc.it  24.  Bari.im  mixture  by  tube 
2-4  hours  after  placing  open  pylorograph  in  the  pyloric  canal.  Animal  conscious.  Light  areas  indicate  air 
chaiiilRT  of  cnlerograph.  In  B.  i  barium  is  passing  through  tunnel  of  enterograph.  In  4  the  inner  walls 
01  llie  tunnel  are  shown  cutting  olT  the  passage  of  barium  from  the  stomach.  Jn  i  the  apparatus  outline  is 
indefinite;  barium  m  antrum  under  low  tension.     X,  Sphincter. 

duodenum.  Hence,  with  this  metlidd  it  was  possible  to  obtain  graphic  tracings 
which  were  characteristic  for  llir  sphincter,  and  also  radiograms  which  were 
identical  in  principle  to  those  shown  in  Fig.  7  from  the  normal  stomach. 

The  tracings  in    Fig.   8  are  graphic  records  of  the  sphincter's  action   as 
obtained  with  the  open  pylorograph.     The  numerals   V.   /  and  .■!   iiulieate  points 
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at  which  radiograms  were  taken.  The  radiograms  are  reproduced  in  Fig.  7,  B, 
Nos.  3,  4  and  5.  Radiogram  3  was  taken  just  before  the  lever  of  the  recording 
apparatus  began  to  ascend,  or  at  a  time  of  active  contraction  of  the  antrum. 
Picture  4  was  taken  just  as  the  pyloric  sphincter  reached  its  highest  point  of 
contraction,  Fig.  8,  No.  4,  and  at  a  time  of  beginning  relaxation  of  the  antrum 
(Fig.  7,  No.  4).  It  will  be  noted  that  the  ring  of  contraction  in  No.  .3  of  Fig. 
7  B  is  not  present  in  No.  4,  also  that  the  line  of  barium  passing  through  the 
tunnel  of  the  pylorograph  is  discontinued  in  No.  4.  This  condition,  therefore, 
is  the  equivalent  of  that  shown  in  Fig.  7,  A,  No.  4  which  was  obtained  from  a 
normal  stomach.  Picture  3  of  Fig.  7,  B,  was  obtained  immediately  following 
relaxation  of  the  sphincter  as  shown  by  the  recordins  lever.  Fig.  8,  No.  5.    This 


Fig.    S.— Experiment   24:    February    9.    1'). 
in   Fig.   7.   B    J   .,   5,    were   t 

cut  which  is  the  equivalent  of  No.  5  in  Fig.  7.  B  shows  the  antrum  and  stomach 
as  a  whole  to  be  in  a  state  of  relaxation  or  (luiescence  preparatory  to  a  second 
antral  cycle.  Barium  is  not  present  in  the  tunnel  of  tbe  pylorograph,  hence, 
antral  pressure  is  not  sufficiently  strong  to  force  material  forward  during  its 
quiescent  phase.  The  same  condition  due  to  sphincter  tone  is  shown  in  No.  3 
of  Fig.  7.  .-i. 

These  results  seem  to  us  of  special  importance  for  they  clearly  show  that 
the  activities  of  the  stomach  are  not  materially  altered  because  of  the  presence 
of  a  foreign  body  in  the  pyloric  canal  tlirough  which  the  gastric  contents  may 
pass.  Also  the  results  of  this  procedure  are  equivalent  to  those  obtained  by 
other  procedures.  Therefore,  the  relationship  between  the  activities  of  the 
sphincter  and  antrum  above  described  may  be  taken  as  indicative  of  the  normal 
relation  existing  between  these  two  parts  of  the  stomach. 


DISCUSSION 


Sources  in  error  in  the  interpretation  of  results  due  to  operative  procedures 
have  been  eliminated  only  to  the  extent  to  which  the  results  obtained  by  means  of 
the  x-rays  may  be  relied  upon.    According  to  our  results  there  is  apparently  no 
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qualitative  ditVcreiK-e  in  tlic  iinjvciuciits  of  iKiniiiil  and  opcratcil  stimiaclis  if 
suffifient  time  is  allowed  for  the  latter  to  resume  aetivity  following  operation. 
Our  observations  are  in  accord  with  the  prevalent  idea  that  the  intestines  may 
remain  motionless  for  some  time  following  laparotomy.  On  the  other  hand, 
movements  begin  in  the  stomach  of  the  dog  shortly  after  the  abdomen  is  closed. 
The  ])resenee  of  a  foreign  body  in  the  antrum  and  pyloric  canal  may  influence 
motility.  The  results  here  reported  seem  to  indicate  that  the  antrum  reacts 
in  Die  same  manner  in  the  presence  of  a  balloon  hh  it  does  in  the  presence  of 
food.  We  feel  that  the  presence  of  the  api)aralus  does  not  alter  the  nature  of 
gastric  motility. 

The  results  obtained  from  observations  on  the  excised  stomach  or  from 
graphic  records  obtained  by  means  of  balloons  or  surgical  procedures,  it  is  true, 
are  difficult  to  interpret  and  are  open  to  severe  critici.sm.  The  inability  of  a 
free  elastic  balloon  in  the  stomach  to  properly  transmit  gastric  motor  changes 
has  recently  been  emphasized  by  Luckhardt,  Phillips  and  Carlson.'-  In  con- 
formity with  their  statements,  we  were  unable  to  show  by  such  a  method  any 
degree  of  uniformity  between  graphic  records  and  radiographic  findings.  This 
is  especially  true  when  the  stomach  is  partially  filled,  because  at  such  a  time 
the  balloon  -wiW  rise  to  the  surface  of  the  gastric  content.  This  was  observed 
on  experimental  animals  and  also  in  liuman  subjects.  However,  a  small  balloon 
or  enterograph  secured  in  the  antrum  and  carrying  a  pressure  equal  to  from 
5  to  15  cm.  of  water  will  transmit  rh.ythmic  oscillations  to  a  recording  apparatus, 
the  results  of  which  are  analogous  to  those  observed  directly  and  radiographi- 
cally.  Such  oscillations,  as  described  by  Ducceschi,  1897,  aiipeai-  rhythmically 
and  consist  of  cycles  composed  of  a  contraction,  a  relaxation,  a  (piieseent  and 
an  inhibition  phase.  Such  contractions,  like  those  of  the  s|ihineter,  are  main- 
tained for  iiours  in  both  the  conscious  and  anesthetized  animal  whether  the 
stcmiach  contains  food  oi'  has  been  recently  emjitied. 

Since  the  work  of  Camion'''  tlie  opening  and  rinsing  of  the  "]iyliirus"'  has 
been  ascribed  to  an  acid  control.  However,  Ducceschi''  had  previously  shown 
that  the  introduction  of  a  O.l.'i  per  cent  hydrochloric  acid  solution  into  the 
vicinity  of  the  cardia  ;n\i\  fniidus  excites  typical  peristaltic  waves.  Tn  the 
region  of  the  aiiti'uni  a  0.1(1  pci'  cent  solution  prndnccd  a  delay  in  the  rhythm 
while  stronger  .solutions  weakenetl  the  intensity  of  antral  contractions  and 
altered  their  course.  The  theory  of  an  acid  control  of  the  pylorus  has  never 
explained  ciTtain  iilienonicna  a.ssociated  with  the  emptying  of  the  stomach.  The 
same  is  tine  of  the  theory  of  fluidity.  Certain  clinical  and  experimental  obser- 
vations have  definitely  shown  that  factors  other  than  ai'id  are  directly  concerned 
in  the  ])henomena  of  gastric  evacuation.  Neilson  and  Lipsitz,'*  for  instance, 
have  shown  that  posture  to  a  great  extent  determines  the  time  of  retention  of 
water  in  the  sloniaeli.  f'nrtliermori'.  Siicncer,  Meyer,  Rehfuss  and  Hawk''* 
have  shown  that  a  1  per  cent  solntion  of  sodium  liicarlmnate  hastens  the  empty- 
ing of  the  stomach  either  liy  increasing  its  niolilily  ^>\■  by  ojiening  of  the 
"pylorus."  They  have  fnither  shown  that  hydrochloric  acid  is  not  necessary 
for  the  opening  of  the  stomach  for  it  empties,  at  times,  when  its  contents  are 
alkaline. 
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'J'lie  radioiiraphic  studies  of  Cole,"  while  a])i)areiitly  noi  undertaken  to  dis- 
prove tlie  theory  of  an  "acid  control  of  the  pylorus,"  has  done  much  to  arouse 
suspicion  concerning  it.  According  to  this  observer  the  amount  of  contraction 
of  the  pylorus  is  in  proportion  to  the  activity  of  the  gastric  peristalsis,  that  is, 
wlien  the  gastric  peristalsis  is  feeble  the  contraction  of  the  sphincter  is  weak, 
and  when  the  gastric  peristalsis  is  strong  the  sphincter  is  more  tightly  con- 
tracted. In  the  earlier  stages,  when  the  gastric  peristalsis  is  active,  the  muscle 
of  the  sphincter  contracts  tightly,  as  peristalsis  grows  more  feeble  the  contrac- 
tions of  the  sphincter  become  less  intense  until  during  the  later  stages  of  diges- 
tion, it  is  greatly  relaxed  as  shown  by  the  comparatively  large  lumen.  During 
the  systole  of  every  gastric  cycle,  according  to  Cole  the  pylorus  is  open  and 
through  its  lumen  a  small  amount  of  liquid  chyme  is  propelled  into  the  reser- 
voir cap.  The  terminal  peristaltic  contraction  which  has  meanwhile  been  ad- 
vancing over  the  antrum,  upon  attaining  the  sphincter  eifeets  its  closure,  so 
that  the  lumen  is  entirely  obliterated  or  visible  as  a  small  line.  Our  radiograms 
upon  the  dog,  see  Fig.  7,  are  similar  to  those  published  by  Cole.  However,  our 
graphic  results  show  that  the  sphincter  enters  upon  its  positive  phase  sometime 
after  the  antrum  has  begun  to  contract  and  reaches  its  height  only  after  the 
antrum  is  well  along  on  its  phase  of  relaxation.  Further,  our  tracings  show 
that  not  only  the  positive  phase  of  the  sphincter  is  influenced  because  of  the 
propagation  of  a  contraction  wave  into  it  from  the  antrum  but  also  by  the  wave 
of  relaxation  which  follows  the  contracting  wave.  This  wave  of  necessity  ap- 
pears at  the  sphincter  after  having  traveled  the  length  of  the  antrum,  that  is, 
the  sphincter  demonstrates  a  phase  of  relaxation  which  is  the  continuation  of 
the  relaxation  wave  of  the  antrum.  Hence,  in  a  moderatel.y  active  stomach  a 
phase  of  inactivity  is  common  to  the  antrum  and  sphincter;  the  sphincter  re- 
maining open  or  relaxed  save  for  the  degree  of  residvial  tone  until  such  a  time 
as  its  fibers  are  excited  to  contraction  because  of  the  approach  of  a  contraction 
wave  through  the  antrum. 

The  tracings  shown  in  the  work  of  Luckhardt,  Phillips  and  Carlson,^=  are 
corroborative  of  this  last  statement.  These  tracings  clearly  show  that  during 
an  increase  in  tone  of  the  stomach  or  at  the  approach  of  a  powerful  advancing 
ring  of  contraction  material  is  forced  from  the  stomach  in  ever  increasing 
amounts,  the  final  rush  of  material  occiirriug  with  the  termination  of  the  per- 
istaltic wave,  and  just  prior  to  closure  of  the  sphincter. 

The  motility  in  the  antrum  may  be  termed  a  compression  wave  which,  from 
its  origin  at  the  proximal  end  of  the  antrum,  by  a  process  of  constriction  grad- 
ually presses  down  upon  its  contents.  This  constriction  involves  progressivelj' 
rings  of  circular  muscle  nearer  and  nearer  the  sphincter  and  passes  over  the 
antrum  at  such  a  rate  that  the  circular  muscle  next  to  the  sphincter  goes  into 
a  state  of  .strong  contraction  before  those  at  the  proximal  end  have  begun  to  relax. 
In  other  words,  the  advancing  edge  of  the  cycle  in  the  antrum  proceeds  from 
above  downward  in  the  form  of  a  wave  but  the  duration  of  the  constriction  in 
the  individual  ring  of  circular  muscle  is  so  long  that  the  entire  antrum  is  in  a 
state  of  contraction  at  the  same  time.  Relaxation  in  the  antrum  follows  the 
same  order,  namely,  it  appears  first  in  the  proximal  end  and  gradually  progresses 
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towai-d  the  siihiiu'tor.  This  ])('rhai)s  means  lliat  tlio  lime  of  contraction  stated 
in  terms  of  the  individual  muscle  fiber  is  uniform  throughout  the  antrum. 

In  relation  to  the  pars  pyloriea  this  compression  wave  in  its  progress  in- 
volves more  and  more  of  the  functional  units,  until  those  of  the  sphincter  are 
reached  and  brought  into  action.  The  wave  is  also  characterized  by  the  holding 
(|uality  of  fibers  already  in  action  wliilc  new  units  are  entering  upon  their  active 
jjhase.  For  this  reason  the  entire  antrum  may  be  seen  to  hold  itself  in  a  state 
of  complete  contraction  at  a  time  when  the  sphincter  is  just  beginning  to  enter 
upon  its  positive  phase.  Relaxation  always  begins  in  the  portion  which  first 
went  into  action  and  passes  progressivelj'  over  the  pars  pyloriea.  Therefore,  the 
si)hincter  is  the  last  portion  of  the  pars  pyloriea  to  go  into  action  and  also  the 
last  to  relax  during  a  cycle  of  this  portion  of  the  stomach. 

The  above  considerations  lead  to  the  assumption  that  the  sphincter  is  opened 
during  its  quiescent  phase  (inhibition),  either  because  of  the  pressure  exerted 
upon  it,  by  reason  of  an  increased  pressure  in  the  antrum,  which  is  associated 
with  an  increased  degree  of  tonicity  of  the  stomach  as  a  w'hole,  or  because  of  a 
wave  of  inhibition  continued  from  the  antrum.  This  latter  seems  the  more 
justifiable  for  the' reason  that  the  positive  and  negative  phases  of  the  antrum  and 
sphincter  are  so  placed  that  they  cause  the  material  in  the  stcmach  to  be  thrown 
forward.  Also  the  manner  of  passage  of  the  material  through  the  sphincter  is 
associated  with  the  positive  phase  of  the  antrum  and  ceases  W'hen  the  sphincter 
contracts.  Therefore,  in  regard  to  the  stomach  the  sphincter  demonstrates  the 
"law  of  the  intestine,"  i.e.,  it  opens  or  is  inhibited  during  the  passage  of  ma- 
terials and  closes  (contracts)  w-hcn  the  advancing  ring  of  contraction  reaches 
it  through  the  antrum. 

SrJIMARY  AXD   COXCHSIOX 

To  recapifulafo,  our  ri'snlts  may  ])v  sunimarized  as  follows:  Direct,  graphic 
and  radiogra]ihic  obspi-vations  show  that  the  antrum  and  pyloric  sphincters  are 
rhythmical  in  action,  that  is,  contractions  and  relaxations  follow  each  other  in 
a  regular  sequence.  These  rhythmical  actions  or  cycles  occur  at  the  rate  of 
from  3  to  5  per  minute,  and  are  maintained  for  hours.  Rhythmical  motility  is 
best  obtained  when  the  stomach  contains  food,  however,  t.vpieal  results  may  be 
obtained  from  the  stomach  recently  emptied.  Starved  animals  were  not  studied. 
The  phases  of  activity  in  the  sphincter  are  such  as  to  supplement  those  of  the 
antrum,  hence,  the  motility  of  these  two  parts  may  be  considered  as  constituting 
a  cycle  of  the  pars  pyloriea. 

The  sequence  of  action  in  llic  pai's  pyloriea  is  as  follows:  During  the  active 
l)hase  of  the  preantrum  there  occurs  a  loss  of  tone  or  inhibition  in  the  antrum  as 
a  whole.  This  is  innnediately  followed  by  a  gradual  or  running  contraction  of 
the  antrum,  the  entii'c  anti'um  demonstrating  a  sustained  contraction  or  ]>lateau 
as  the  final  act  of  its  ])ositive  ]ihase.  This  is  followed  by  a  wave  of  relaxation, 
which,  starting  in  the  jireantral  region,  pa.sses  over  the  entire  antrum.  The 
sphincter,  on  the  other  hand  demonstrates  a  negative  pha.se  (relaxation)  at  the 
lime  of  beginning  anti'al  contractions.  Some  time  before  the  antrum  enters  upon 
il.s  held  contiMction  the  sphincter  begins  to  ra])idly  contract  and  reaches  its 
maxininiii.  uvii.-iliy  nl  ;i  lime  ol'  niail<e(l  rchixatinn  of  Ilic  antrum,     'i'hc  sphinctei- 
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then  rolaxcs  and  remains  ([uiet  until  a  .si'contl  positive  phase  is  well  initiated  in 
the  antrum.  Hence,  the  sphincter  is  open  durin-j  the  frreater  part  of  the  antral 
contraction  and  actively  closed  while  the  antrum  is  relaxing. 

Our  results  along  with  those  of  Cole  and  Luckhardt,  Phillips  and  Carlson 
demonstrate  that  the  activities  of  the  pyloric  sphincter,  at  least  in  great  part,  are 
dependent  upon  the  activities  of  the  antrum.  That  is,  the  impulse  to  contract 
in  the  antrum  during  digestive  processes  is  propagated  into  the  sphincter,  thereby 
causing  it  to  contract  at  a  time  of  relaxation  of  the  antrum,  and  to  relax  because 
of  the  arrival  of  a  wave  of  relaxation  over  the  antrum.  Such  conditions  in- 
directly lead  to  the  conclusion  that  acid  if  it  acts  to  regulate  the  "pylorus" 
must  also  act  in  a  similar  way  upon  the  antrum  and  stomach  as  a  whole,  for, 
as  shown  above,  motility  of  the  antrum  determines  motility  of  the  sjihincter. 
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LABORATORY  METHODS 


OBSERVATIONS  ON  THE  QUANTITATIVE  NATURE  OF  COMPLEMENT 

FIXATION 

"With  Si-eciai.  Refkrexce  to  tue  Clinical  Application  of  Paktial 
Wassermann  Reactions 


By  J.  J.  Seelman,  M.D.,  iliLWAiKEE,  Wise. 


BOTH  laboratory  workers  and  clinicians  have  long  felt  the  ueed  of  a  stand- 
ard technic  for  Wassermann  tests.  The  experiments  which  Kolmer'  and 
his  coworkers  are  now  carrying  on  will  clear  up  many  points  regarding  this 
test  that  have  been  obscure,  and  settle  authoritatively  many  questions  that 
have  been  in  dispute.  Their  work  will  remove  some  of  the  difficulties  which 
have  heretofore  stood  in  the  way  of  a  standardized  technic.  A  finally  ac- 
ceptable test,  however,  must  be  based  not  on  the  work  and  opinions  of  any  one 
man  or  any  one  set  of  men,  but  on  the  work  and  opinions  and  experiences  of 
many  men,  both  laboratory  Avorkers  and  clinicians.  The  wider  the  range  of 
experience  from  which  the  details  of  the  finally  proposed  test  shall  have  been 
gathered,  the  greater  the  probability  of  its  general  acceptance.  It  is  desir- 
able, therefore,  that  as  many  as  possible  of  those  interested  in  this  matter  shall 
contribute  their  opinions  and  observations,  and  it  is  with  this  in  mind  that 
the  present  paper  is  offered. 

It  would  be  an  easy  matter  tn  di-visc  a  technic  so  conservative  that  it 
would  give  positive  reactions  only  with  certainly  sy]iliilitie  serums.  But  this 
technic  would  probably  fail  to  detect  many  .serums  containing  only  small 
amounts  of  fixing  substances.  On  the  other  hand,  it  w-ould  be  an  easy  matter 
to  devise  a  technic  which  would  detect  specific  fixing  substances  in  every  syph- 
ilitic serum,  no  matter  how  small  the  amount;  but  this  method  would  probably 
give  inhihitidii  \\  iih  sdine  negative  serums.  The  problem  is  to  devise  a  method 
that  will  give  positive  reactions,  even  partially  positive  reactions,  only  in  the 
presence  of  .syphilis,  and  negative  reactions  always  in  the  absence  of  syphilis. 

In  all  cases  of  fully  developed  secondary,  and,  in  many  cases  of  tertiary 
syphilis,  the  .serums  contain  so  large  an  amount  of  complement  fixing  substances 
that  they  will  always  be  detected  by  the  classical  test  even  with  an  indifferent 
technic,  and  in  such  cases  there  is  never  any  variation  in  the  findings  of  dif- 
ferent wt)rkers  unless  some  very  gross  error  has  been  committed.  Nor  will 
this  metliod.  when  performed  with  reasonable  care,  ever  give  a  complete  re- 
action with  a  nonsyphilitie  serum.  It  is  in  those  cases  of  primary  and  latent  or 
slightly  active  tertiary  syphilis,  in  which  only  small  amounts  of  complement 
fixing  substances  are  jiresent  in  the  serum,  that  variations  occur  in  the  re- 
sults obtained  with  dilfercnt  methods  and  even  witii  the  same  methods  em- 
ployed by  difTcrcnt    workers.      It    is  for  tlie  (Iclcctioii  and  standard  evaluation 
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of  these  cases,  whieli  fall  in  or  neai-  the  zone  of  partial  reactions,  that  the 
need  for  a  uniform  standard  test  is  chiefly  felt. 

Before  undertaking  the  modification  of  the  Wassermann  test  for  purposes  of 
standardization,  it  should  be  deiinitely  determined  whether  the  present  clas- 
sical method  tends  to  err  too  much  on  the  positive  side,  giving  partially  posi- 
tive reactions  in  negative  cases;  whether  it  tends  to  err  too  much  on  the  nega- 
tive side,  giving  too  many  negatives  with  syphilitic  serums,  or  whether  it  errs 
on  both  sides,  giving  partial  positive  reactions  sometimes  in  nonsyphilitics  and 
negative  in  cases  that  should  give  positive  reactions. 

The  general  opinion  of  most  clinicians  and  of  most  laboratory  workers 
is  that  partial  reactions,  especially  mildly  positive  reactions  obtained  with  the 
present  cla.ssieal  test,  are  of  doubtful  value.  The  statement  "one-plus  or 
Iwo-plus  Wassermann  reactions  mean  nothing"  has  been  so  frequently  re- 
peated that  it  has  come  to  be  almost  axiomatic.  At  most  these  reactions  are 
considered  only  of  corroborative  value  in  cases  which  present  indefinite  his- 
tory or  symptoms.  I  have  been  unable  to  find  any  experimental  evidence  in 
the  medical  literature  that  would  give  validity  to  this  generally  accepted  in- 
terpretation of  partial  reactions.  I  believe  the  attitude  of  the  clinicians  regard- 
ing partial  reactions  is  largely  due  to  the  fact  that  the  performance  of  the 
Wassermann  test  has  been  and  still  is  often  left  to  incompetent  and  insuffi- 
ciently trained  assistants,  who  commit  gross  technical  errors.  Fully  as  neces- 
sary as  a  standardized  technic  is  a  standardization  of  the  qualifications  of 
those  who  are  permitted  to  perform  the  test,  and  provisions  for  enforcing  rec- 
ognition of  these  standard  qualifications  on  all  laboratories. 

I  am  of  the  opinion  that  the  classical  Wassermann  test,  when  joerformed 
with  reasonable  care  by  a  skilled  technician,  will  never  give  partially  positive 
reactions  in  any  but  sypliilitic  ea.ses,  and  this  opinion  is  ba.sed  on  the  following 
considerations : 

(a.)  The  originators  of  the  "Wassermann  test  attempted  to  devise  the 
technic  with  a  very  large  factor  of  safety  against  the  occurrence  of  false  posi- 
tive reactions.  They  knew  that  all  serums  have  an  anticomplementary  action, 
and  that  this  action  varies  considerably  with  different  serums.  The  watery 
extract  of  syphilitic  liver  originally  used  for  antigen,  but  now  almost  entirely 
discarded,  was  subject  to  vagaries,  deteriorated  rapidly,  and  was  very  apt  to 
give  false,  proteotropic  reactions.  To  overcome  the  possibility  of  false  posi- 
tive reactions  as  a  result  of  these  factors,  an  additional  unit  of  complement  was 
allowed  in  the  original  Wassermann  technic.  This  ample  allowance  was 
made  because  the  exact  extent  to  which  the  above  sources  of  error  (and  per- 
haps some  unknown  sources  of  error)  might  act  was  not  known,  and  it  was 
imperative  that  if  the  test  erred  at  all  it  be  on  the  negative  and  not  on  the 
positive  side. 

It  is  also  possible  that  this  large  extra  allowance  of  complement  was  found 
necessary  because  the  possibility  of  error  due  to  variations  in  the  complement 
content  of  guinea  pig  serums  was  not  recognized  and  provided  for.  The  pre- 
liminary titration  of  the  original  technic  did  not  standardize  the  complement 
dose,  but  provided  for  the  compensation  of  a  deficiency  of  complement  by  the 
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use  of  an  excess  of  aiiil)iice])t()r.  It  is  now  well  known  tliat  this  is  not  a  valid 
l)roeedure,  as  it  does  not  keep  the  complement  dose  in  the  second  part  of  the  test 
at  a  uniform  level,  and  may,  therefore,  result  in  false  positive  reactions. 

Every  serologist  worthy  of  the  name  now  <;uards  against  this  possible 
source  of  error  either  by  making  a  preliminary  titration  of  complement  with 
a  standard  amboceptor  and  eoi'puscle  suspension,  or  by  pooling  the  serums  of 
a  number  of  guinea  pigs,  or  still  better,  by  both  procedures.  When  this  pre- 
caution has  been  observed,  keeping  the  complement  unit  at  a  uniform  level,  it  will 
be  found  that  for  fresh  or  carefully  preserved  serums,  obtained  from  blood 
withdrawn  under  proper  conditions,  the  extra  unit  of  complement  allowed 
for  anticomplementary  action  of  serums  is  four  or  five  times  the  amount  really  re- 
quired for  this  purpose.  Furthermore,  the  alcoholic  extracts  of  normal  or- 
gans now  almost  universally  used  as  antigens  in  place  of  the  original  watery 
extracts  of  syphilitic  livers  are  very  stable,  and  if  properly  prepared  will  give 
ample  antigenic  action  in  doses  that  exhibit  only  negligible  anticomplementary 
properties.  The  classical  test,  therefore,  as  at  present  performed,  refined  to 
eliminate  the  grosser  errors  of  the  original  teehnic,  yet  retaining  the  device 
of  using  an  additional  unit  of  complement  originally  resorted  to  for  overcom- 
ing these  gross  errors,  tends  to  err  altogether  on  the  negative  side. 

(6)  The  difference  between  partial  reactions  and  complete  reactions  near 
the  partial  zone  is  very  little,  if  we  take  into  consideration  the  amount  of 
fixing  substance  present  in  the  average  serum  from  a  case  of  fully  developed 
secondary  syphilis  (which  is  considered  a  type  of  positive  serum,  and  is  recom- 
mended for  use  in  titrating  antigen  and  for  positive  controls). 

In  many  cases  of  secondary  syphilis,  and  in  some  cases  of  tertiary  syphilis, 
the  serum  contains  sufficient  complement  fixing  substances  so  that  one 
hundredth  the  usual  AVassei'niann  doso  will  give  complete  fixation  with  the 

Table  I 

TiTR.\TioN  OF  Average  Serum* 

Amount   of   positive   serum            0.001           0.005          0.0075          OOl  005  Ol  02 

Per    cent   of   inhibition 5 30 60 100  100         100         100 

*Inliit)ition  estimates  were  made  by  the  author's  method,  a  description  of  which  will  he  published  in 
the  near  future.  All  work  was  done  with  one-fourth  Wassermann  quantities,  but  is  reported  in  full  Was- 
scrniann  quantities. 

usual  ilf)se  (two  units)  of  (■oiii))lciiieiit.  Il  is  seldom  thai,  in  a  case  of  fully 
developed  secondary  syphilis,  one  tenth  the  usiuil  dose  will  not  give  complete 
fixation,  and  it  is  my  experience  that  the  average  is  about  one  twentieth.  In 
Table  I  is  shown  a  titration  of  such  an  average  serum.  It  will  be  seen  that 
0.01  c.c.  (5  per  cent  of  the  usual  dose)  still  gives  complete  inhibition,  while 
0.0075  c.c.  (2.75  per  ctMit  of  the  usual  doso)  gives  only  60  per  cent  inhibition. 
This  indicates  tiuit  a  dilTerence  of  2.25  per  cent  of  the  total  fixing  substance 
found  in  the  average  serum  of  .secondary  syphilis  represents  the  difference 
between  a  complete  and  a  partial  reaction;  in  other  words,  the  difFerence  be- 
tAveen  a  surely  positive  and  a  dotibtful  reaction.  Many  of  tlic  srriiiiis  in  ter- 
tiary .syphilis  that  give  complete  reactions  arc  only  slightly  above  the  zone  of 
partial   reactions,  that    is,  contain  jiist   slightly   more  than   5  per  cent   of  the 
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amount  of  fixiiiy  substance  found  in  a  typical,  average  positive  serum.  If 
such  a  serum  can  be  considered  definitely  specific,  then  a  serum  containing  only 
1  or  2  per  cent  less  fixing  substance  should  also  be  considered  specific,  even 
though  it  falls  within  the  zone  of  partial  reactions. 

(c)  If  we  analyze  a  complement  titration  we  shall  find  that  the  general 
conception  that  various  degrees  of  specific  reaction  as  reported  for  different 
tests  represent  definitely  corresponding  variations  in  complement  fixation  has 
no  basis  in  fact.  Table  II  shows  the  result  of  an  incubation  of  increasing 
amounts  of  complement  with  constant  amounts  of  corpuscles  and  amboceptor 
(practically  a  complement  titration).  It  will  be  noted  that  0.5  e.c.  of  comple- 
ment gives  just  complete  hemolysis  which,  therefore,  is  the  unit;  and  twice 
this,  or  1  c.c,  the  dose  as  used  in  the  classical  test.  The  first  trace  of  inhibi- 
tion is  seen  in  the  tube  containing  0.4  c.c.  complement,  which  means  that  0.6 

T.\BLE   II 

Result  of  an  Ixcub.^tiox  of  Increasixg  Amounts  of  Complement  with  Con'.>ta.\t 
Amounts  of  Corpuscles  and  Amboceptor 

Amount    of    complement 0.1  0.15  0.2   0.25  0.3  0.35  04  05      06     OS        TO 

Per  cent  of  inhibition 90  60  30      20  10  5  2  0        0        0          0 

Per  cent  of  complement  dose 10  15  20      25  30  35  40  50      60      80       100 

Per  cent  of  complement  unit 20  30  40       50  60  70  80     100 

C.C.  or  over  half  of  the  total  amount  of  complement  employed  in  a  test  must  be 
absorbed  before  a  trace  of  inhibition  is  registered.  The  tube  containing  0.2  c.c. 
of  complement,  corresponding  to  an  absorption  of  0.8  c.c.  in  a  test,  shows  only 
30  per  cent  inhibition,  approximateh"  a  one-plus  reaction.  This  means  that 
80  per  cent  of  the  complement  dose  employed  in  a  test  must  be  absorbed  be- 
fore a  one  plus  reaction  is  registered.  From  this  point  on  the  rise  is  vei'y 
rapid,  the  additional  absorption  of  only  5  per  cent  more  complement  giving 
60  per  cent  inhibition,  and  another's  per  cent  giving  90  per  cent  inhibition. 
It  is  seen,  then,  that  80  per  cent  of  the  complement  employed  in  the  classical 
Wassermann  test  must  be  absorbed  before  the  zone  of  partial  reactions  is 
reached,  and  the  difference  between  a  one-plus  and  a  four-plus  reaction  is 
represented  by  the  remaining  20  per  cent  of  complement. 

It  is  true,  of  course,  that  in  the  classical  test  only  half  of  the  complement 
is  meant  for  specific  action.  It  has  already  been  shown,  however,  that  with 
the  refinements  which  have  been  introduced  in  the  classical  test  the  absorp- 
tion due  to  anticomplementary  action  is  only  a  small  fraction  of  the  additional 
complement  unit  allowed  for  this  purpose.  But  even  if  this  entire  unit  of  com- 
plement were  absorbed  nonspecifically,  it  would  still  be  found  that  60  per  cent 
of  the  complement  unit  left  available  for  the  specific  reaction  mu.st  be  ab- 
sorbed before  a  one-plus  reaction  is  registered;  that  10  per  cent  further  fixa- 
tion gives  two-plus  reaction  and  10  per  cent  more  brings  it  between  a  three- 
and  four-plus  reaction. 

That  these  facts  are  not  in  accord  with  the  great  difference  in  clinical 
value  generally  given  to  partial  and  complete  reactions  is  ai^parent.  They  fur- 
ther corroborate  my  contention  that  there  is  very  little  difference  between 
partial  reactions  and  complete  r^^Tictions  bordering  on  the  partial  zone. 
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(rf)  There  seems  to  be  a  general  iiiisunderstaiiding  regarding  the  effect 
on  hemolysis  of  variations  in  the  quantitative  relations  between  complement 
and  fixing  substance.  The  usual  conception  is  that  hemolysis  (or  inhibition) 
in  the  indicator  system  varies  in  direct  proportion  to  the  variations  in  the 
quantitative  relations  of  the  com])lement  and  fixing  substance  in  the  first  part 
of  the  test,  assuming  the  antigen  to  be  constant.  It  is  thought,  for  instance 
(and  theoretically  this  should  be  true),  that  a  sei'um  which  will  give  just 
slightly  less  than  complete  inhibition  with  one  unit  of  complement  will  give 
complete  hemolysis  Avith  two  units,  because  the  additional  unit  should  re- 
main available  for  the  indicator  system  and  is  sufficient  to  complete  hemolysis. 
Practically,  however,  this  is  not  true.  Reference  to  Table  III  shows  that  a 
serum  which  gives  only  75  per  cent  inhibition  with  1  c.c.  complement  dilution 
still  gives  40  per  cent  inhibition  with  2  c.c.  A  serum  which  gives  50  per  cent 
inhibition  with  1  c.c.  .still  gives  20  per  cent  with  2  e.c,  and  one  which  gives  25 

T.\BI.K   111 

VARIATION'S  IN-  Fixation  with  Specific  Serums  Resulting  from  Variations  in 
Complement  Quantities* 

Amount  of  complement 0  8            1.0            1.5           2.0 

Per  cent  inhibition  with  one  plus  serum 30            25             15              5 

Per  cent  inhibition  with  two  plus  serum 60            50            40            20 

Per  cent  inhibition  with  three  plus  serum 85 75 60 40 

'.Vvirrage  findings  with  a  number  of  serums. 

per  cent  with  1  c.c.  still  gives  5  ])er  cent  with  2  c.c.  It  is  apparent,  then, 
that  llic  relative  amount  of  complement  fixed  in  the  presence  of  a  constant 
amount  of  antigen  and  fixing  substance  increases  as  the  volume  of  comple- 
ment is  increased  or,  vice  versa,  decreases  as  the  volume  is  decreased.  I  have, 
furthermore,  experimental  evidence  to  show  that  this  same  law,  if  I  may  so 
call  it,  also  operates  in  the  case  of  nonspecific  fixation.  From  these  facts  it  will 
be  seen  that  Wassermann  tests  are,  in  a  measure,  self-corrective  as  far  as 
errors  due  to  variations  in  complement  quantities  are  concerned.  Technicians 
know  that.  I'xi'ii  witli  the  greatest  care.  Ilicrc  ^\•ill  often  be  more  or  less  varia- 
tidii  in  llir  romplcmcnt  quantities  on  different  days.  AVith  the  present  con- 
cept inn  dl'  llii'  (|uantitative  nature  of  complement  fixatidii,  it  is  thought  that 
siii-li  variations  might  at  times  bring  about  false  positive  reactions.  However, 
in  \icw  of  the  real  quantitative  nature  of  complement  fixation  and  its  self-cor- 
rective action,  wliirh  T  have  demonstrated,  I  believe  it  is  safe  to  say  that,  when 
the  usual  ordiiKny  precautions  have  been  taken  to  keep  the  complement  dose 
at  a  constant  level,  such  differences  as  are  unavoidable  with  the  present 
technic  will  never  be  sufficient  to  raise  a  negative  serum  into  the  zone  of  par- 
tial reactions. 

(e)  AVe  have,  for  a  number  of  years,  in  our  laboi-atory,  tested  all  serums 
with  a  i-aw  serum  method  in  addition  to  the  usiuil  classical  test.  This  raw 
serum  melliod  provides  corrections  of  errors  that  may  be  due  to  variations  in 
native  complement  content  of  raw  sei-ums,  due  to  tlie  presence  of  hemolysin 
homologous  to  tliat  of  tiie  indicator  system,  ami  to  \arLitiinis  in  nonspecific 
fixation  which  arc  usually  more  prononiicecl   with  raw  than   \\\\\\   inactivated 
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serums.  The  method  has,  therefore,  the  advantage  of  increased  delicacy  due 
to  the  use  of  uoniuaetivated  serum,  but  is  without  the  disadvantages  usually 
found  in  other  ray  serum  tests  that  tend  to  lead  to  false  positive  reactions.  An 
anah'sis  of  the  comparative  findings  which  we  have  obtained  in  cases  known 
to  be  syphilitic,  and  in  presumably  nonsyphilitic  cases,  supports  my  view  that 
the  classical  test  errs  far  too  greatly  on  the  side  of  falsely  negative  reactions, 
and  that  in  practically  all  cases  in  which  it  enters  the  zone  of  partial  reactions, 
these  are  specific  in  nature.  In  every  case  without  exception  in  which  the 
classical  test  gave  a  mildly  positive  reaction,  the  raw  serum  test  gave  a  much 
more  strongly  positive  reaction.  With  but  few  exceptions  when  inhibition 
with  the  classical  test  was  as  high  as  50  per  cent,  the  raw  serum  test  gave 
complete  inhibition.  Not  infrequently,  in  eases  known  to  be  specific,  especially 
in  cases  under  treatment,  the  classical  test  was  completely  negative  when  the 
raw  serum  test  was  partially  positive  and  sometimes  even  completely  positive. 

(/)  One  of  the  reasons  why  the  specificity  of  partial  reactions  has  come 
to  be  doubted  is  that  they  have  not  infrequently  been  found  in  persons  who 
give  no  history  of  .syphilis  and  who  present  no  symptoms  of  the  disease.  Com- 
plete reactions  are  also  encountered  in  this  class  of  individuals,  but  because  of 
the  misconception  regarding  the  quantitative  relation  between  partial  and 
complete  reactions,  the  latter  have  been  considered  sufficient  to  justify  the 
classification  of  individuals  on  whom  they  have  been  obtained  as  definitely 
syphilitic,  while  the  former  have,  erroneously  enough,  been  considered  as  of 
no  significance. 

The  value  of  a  negative  history  seems  to  be  overestimated.  Many  strongly 
positive  and  many  partially  positive  reactions  are  obtained  on  persons  giv- 
ing definite  symptoms  of  syphilis,  who  have  no  knowledge  of  the  primaiy  in- 
fection. Why,  then,  attach  much  significance  to  a  negative  history  in  the 
presence  of  partial  reactions  without  history? 

Furthermore,  absence  of  symptoms  cannot  be  considered  a  criterion  of 
the  absence  of  syphilis.  The  symptoms  of  syphilis,  and  especially  tertiary 
syphilis,  depend  not  so  much  on  the  character  and  extent  of  the  lesions  as  on 
the  location  of  the  lesions.  Lesions  which  in  the  cortical  areas  of  the  cerebrum, 
in  the  cord  or  iris  would  produce  definitely  recognizable  symptoms,  might  be 
completely  asymptomatic  in  the  liver  or  spleen.  In  this  connection  the  work  of 
Warthin-  who  found  evidence  of  syphilis  in  approximately  40  per  cent  of  his 
necropsy  material,  is  significant  and  cannot  be  ignored.  Manj-  of  these  eases 
presented  no  symptoms  of  syphilis  during  life,  and  gave  negative  Wassermann 
reactions.  Our  past  conception  of  syphilis  is  probably  a  mistaken  one.  Un- 
doubtedly the  resistance  of  individuals  to  this  disease  varies  just  as  much  as 
it  does  to  any  other  disease,  with  corresponding  variations  in  the  resultant 
manifestations.  From  the  highly  susceptible  individual  with  little  resistance, 
in  whom  the  fulminating  type  develops,  down  to  a  favored  few  who  are 
entirely  immune,  there  ma,y  be  every  grade  of  susceptibility.  There  are  prob- 
ably many  persons  wHo  become  infected  without  showing  any  recognizable 
primary  or  secondary  manifestation,  and  who  carrj-  the  spirochetes  for  years 
in  relatively  unimportant  tissues  where  they  produce  slowly  productive 
lesions.     The  organisms  mav  eventuallv  become  entirely  dormant,  or  if  the 
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resistance  of  tlie  individual  is  lowered,  as  llirou<i-li  intereiirrent  disease,  ex- 
posui-e  or  senility,  they  may  again  beeome  active  and  produce  definite  sj-mptoms. 
With  this  conception  one  can  readily  understand  that  partial  reactions 
may  be  obtained  on  the  blood  of  apparently  healthy  individuals,  and  that  the 
mere  fact  that  such  reactions  do  occur  cannot  be  considered  valid  evidence 
against  their  specificity. 

The  observations  which  I  have  presented  herewith  would  indicate  that 
the  technic  of  the  present  classical  test  is  extremely  conservative,  and  provides 
a  very  wide  margin  of  safety  against  the  occurrence  of  false  positive  reac- 
tions. It  would  seem,  also,  that  this  margin  of  safety  can  be  considerably 
narrowed  without  incurring  the  danger  of  false  positive  reactions,  thereby 
increasing  proportionately  the  efficiency  and  delicacy  of  the  test. 

Of  course,  if  the  partial  reactions,  which  at  present  are  looked  on  with 
suspicion,  are  accepted  as  unqualifiedly  specific,  that  in  itself  will  very  mate- 
rially increase  the  efficiency  of  the  test.  However,  if  a  test  can  be  devised  that 
will  make  these  partially  positive  reactions  strongly  or  completely  positive,  a 
considerable  advantage  will  be  gained,  because  such  reactions  will  have  more 
conclusive  value  for  both  the  physician  and  his  patient.  Furthermore,  a  more 
delicate  test  would  give  many  strongly  positive  reactions  in  cases  of  syphilis 
that  give  completely  negative  reactions  with  the  classical  test.  This  is  espe- 
cially important  for  cases  under  treatment.  It  has,  for  instance,  been  my 
experience  that,  without  a  single  exception,  cases  of  syphilis  under  treatment 
have  given  positive  reactions  with  raw  serum  tests  long  after  the  reactions 
with  the  classical  test  have  become  negative. 

It  is  my  opinion  that  any  effort  to  standardize  the  Wassermann  test  will 
not  be  successful  unless  the  technic  adopted  gives  a  very  material  increase  in 
efficiency  over  the  present  method.  I  also  believe  that  the  highest  possible  de- 
gree of  efficiency  cannot  be  attained  unless  the  method  provides  for  testing 
the  serum  in  the  noninactivated  state. 

I  realize  that  a  great  deal  of  prejudice  exists  against  noninactivated  or 
raw  serum  tests.  This  is  largely  due  to  the  fact  that  practically  all  i"aw  serum 
tests  that  have  been  proposed  have  been  inexact,  unscientific  and  subject  to 
false  positive  reactions.  But  I  am  sure  that  a  raw  serum  test  can  be  devised 
which  is  exact  and  scientific,  which  will  be  more  delicate  than  inactivated 
serum  tests,  and  still  i)rovide  an  adeiiuatc  factoi'  of  safety  against  false  posi- 
tive reactions. 

For  the  present,  perhap.s,  the  ideal  method  would  bo  one  Hiat  includes  a 
test  with  both  raw  and  inactivated  serums.  Tliis  Mould  enable  us  to  retain 
our  present  standards  of  value  Inr  cunipai-isdn  with  the  raw  scrum  method, 
and  provide  an  easy  stage  of  ti'ansiliou  to  the  exclusive  use  of  a  raw  serum 
method,  should  this  later  on  be  found  to  be  justified. 

The  technic  of  the  .standard  test  should  also  be  such  that  a  definite, 
standard  value  can  be  given  to  partial  reactions,  so  that  there  may  be  no 
confusion  regarding  the  interpretations  which  are  to  be  given  them.  This 
evaluation  should  be  the  result  of  careful  and  prolonged  clinical  observation, 
and,  if  possible,  of  postmortem  study  after  the  method  of  Warthin. 
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METHOD    OF    TESTING    SERUMS 

111  closing  this  paper,  I  will  briefly  describe  the  method  of  testing  and 
the  method  of  interpretation  which  have  been  adopted  in  my  laboratory'  as 
a  result  of  many  years  of  experience  and  observation,  not  because  I  think  it 
ideal,  for  I  realize  that  there  is  much  room  for  improvement,  but  in  the  hope 
that  it  contains  some  suggestions  that  may  be  of  value  to  those  who  have  en- 
gaged in  the  effort  to  standardize  the  Wassermann  test. 

All  serums  are  tested  with  the  classical  method,  modified  to  avoid  as  far 
as  possible  the  major  sources  of  error  in  the  original  "Wassermann  test  as 
follows : 

(a)  Variations  in  the  complement  content  of  guinea-pig  serum  are  over- 
come by  using  pooled  serums  and  a  preliminary  titration  with  amboceptor  of 
known  strength  and  standard  corpuscle  suspension. 

(&)  Variations  in  the  specific  fixability  of  guinea-pig  serums  are  corrected 
by  the  use  of  pooled  serums. 

(c)  Errors  due  to  variations  in  the  anticomplementary  action  of  different 
human  serums  are  minimized  by  varying  the  second  incubation  period  for  each 
serum  in  accordance  with  the  hemolyzing  time  of  the  serum  controls. 

(d)  Variations  in  the  sheep  hemolysin  content  of  different  human  serums 
are  corrected  b.v  the  method  devised  by  me.' 

(e)  A  standard  antigen  is  used,  the  antigenic  properties  of  which  have 
been  determined  by  titration  with  positive  serums  of  known  strength. 

(/)  A  partially  positive  serum  of  known  strength  is  used  as  a  positive 
control  in  the  test. 

In  addition  all  serums  are  tested  with  my  raw  serum  method,*  which 
guards  against  the  following  sources  of  error: 

(a)  Quantitative  variations  in  the  native  complement  content  of  human 
serums. 

(b)  Quantitative  variations  of  hemolysin  in  human  serums  homologous  to 
that  employed  in  the  indicator  system. 

(c)   Variations  in  the  anticomplementary  properties  of  different  .serums. 

Findings  are  given  the  following  interpretations: 

Definitely  Specific :  All  serums  that  give  100  per  cent  inhibition  with  the 
raw  serum  test,  regardless  of  the  findings  with  the  classical  test.  All  serums 
that  give  50  per  cent  inhibition  or  over  with  the  classical  test,  but  less  than 
100  per  cent  with  the  raw  serum  test. 

Probably  Specific :  All  serums  that  give  less  than  50  per  cent  inhibition 
with  the  classical  test,  but  more  than  50  per  cent  and  less  than  100  per  cent 
with  the  raw  serum  test. 

Doubtful:  All  serums  that  give  less  than  50  per  cent  inhibition  with  the 
raw  serum  test. 

Negative:     All  serums  that  give  complete  hemolysis  with  both  tests. 

For  the  practical  application  of  these  reactions,  cases  are  grouped  into 
four  groups,  as  follows: 

Group  I:  Cases  that  give  an  unmistakable  history  of  syphilis,  but  with 
no  symptoms,  and  who  have  or  have  not  been  under  treatment.    A  single  nega- 
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tive  iu  these  eases  does  not  exclude  syphilis.  Negative  reactions  over  a  i)eriod 
of  two  .years  are  considered  evidence  that  the  disease  has  been  cured.  Any 
partial  reaction  indicates  a  persistence  of  the  disease. 

Group  II.  (a)  Cases  that  present  unmistakable  symptoms  of  syphilis. 
(i)  Cases  with  obscure  .symptom.s,  but  wliich  have  been  diagnosed  by  the 
specialist  (internist,  neurologist  or  dermatologist)  as  syphilitic.  In  this  group 
the  Wassermann  test  is  not  essential,  but  is  made  for  corroborative  purposes 
or  to  convince  the  patient.  Treatment  is  undertaken  regardless  of  the  out- 
come of  the  test. 

Group  III.  Cases  with  no  definite  history  of  syphilis,  and  with  symptoms 
which  cannot  be  definitely  referable  to  the  disease,  but  which  may  neverthe- 
less be  caused  by  it.  "Definitely  Specific"  reactions  in  these  cases  indicate 
that  syphilis  is  present,  and  that  the  symptoms  are  probably,  though  not  neces- 
sarily, caused  by  it. 

"Probably  Specific"  and  "Doubtful"  reactions  justify,  in  my  opinion, 
the  institution  of  antisyphilitic  treatment,  though  conservatism  demands  that 
a  frank  diagnosis  of  syphilis  be  withheld  until  the  results  of  the  treatment  are 
evident.  If  defhiite  improvement  results,  the  diagnosis  is  made  and  the  ease 
treated  according  to  individual  requirements.  If  no  improvement  results,  a 
diagnosis  of  syphilis  cannot  be  made.  These  reactions,  then,  are  considered 
merely  justification  for  resorting  to  the  therapeutic  test.  In  order  to  avoid 
unnecessary  anguish  of  mind  it  is  desirable,  if  possible,  to  withhold  from  the 
patient  any  information  as  to  the  nature  of  the  disease  suspected  until  the 
diagnosis  has  been  confirmed  by  the  therapeutic  test.  In  these  days  of  needle 
therapj',  it  should  not  be  difficult  to  give  intramuscular  injections  of  mercurj'', 
or  even  intravenous  injections  of  arsphenamine  without  divulging  the  true 
nature  of  the  treatment. 

In  cases  in  which  symptoms  point  to  a  nervous  involvement,  a  spinal 
puncture  should,  of  course,  be  made. 

Group  IV.  Cases  with  no  history  of  syphilis,  and  with  no  symptoms  of 
the  disease,  in  whom  the  test  is  made  in  the  course  of  routine  examinations,  or 
for  experimental,  statistical  or  eugenic  purposes.  A  "Definitely  Specific"  re- 
action in  any  of  these  eases  means  syphilis,  without  question.  A  "Probably 
Specific"  reaction  is  hiiihly  sus])i('ioiis.  "Whether  such  persons  should  be 
placed  under  treatment,  or  merely  l^rpi  under  observation,  is  a  question  to 
which  there  are  two  sides  iiiid  to  llic  discussion  of  which  I  cannot  give  space 
in  this  paper.  A  "Doubtful"  i-eai'lion  should  probably  be  disregarded  in  this 
group. 

.'JT  XI  MARY 

There  is  urgent  need  for  a  slandard  lecliiiic  fur  Wassermann  tests.  The 
need  of  standard  requirements  for  technicians  is  just  as  urgent. 

The  classical  test,  when  properly  performed  b.y  a  skilled  technician,  tends 
to  err  altogether  on  the  negative  side.     Partial  reactions  are  always  specific. 

The  aim  should  be  to  make  the  standard  test  more  delicate  than  the  pres- 
ent classical  tesi,  withoul  sacrificing  ils  s))('i-ificity.  so  that  a  large!'  nuinlier  of 
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definitely  positive  reactions  may  be  obtained  in  cases  of  syphilis  in  which  the 
blood  contains  only  small  amounts  of  fixing  substances. 

It  is  suggested  that  this  be  accomplished  by  testing  all  serums  with  the 
classical  method  modified  to  remove  its  major  sources  of  error,  and  a  raw 
serum  test  modified  to  remove  the  usual  sources  of  error  inherent  in  present 
raw  serum  methods. 

A  scheme  of  interpretation  of  partial  reactions  and  their  clinical  applica- 
tion is  given.  This  gives  these  reactions  a  more  definite  clinical  value  than 
they  now  have. 
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COMPLEMENT    VS.  AMBOCEPTOR  TITRATIONS  IN  THE  WASSER- 
MANN TEST* 


By  R.  Ij.  Iv.\hn,  Sc.D.,  Lansing,  Mich. 


THIS  paper  will  endeavor  to  prove  the  desirability  (1)  of  standardizing  the 
time  of  incubation  of  amboceptor  and  complement  titrations  and  the  time 
of  final  incubation  before  reading  the  tests,  to  a  15  minute  period  and  (2)  of 
titrating  both  complement  and  amboceptor  daily  in  the  Wassermann  test 
(guinea-pig  complement,  sheep-cell  system). 

1.  The  Wassermann  test  may  be  said  to  consist  of  the  following  two  steps: 
First,  the  finding  of  the  smallest  amount  of  complement  necessary  to  bring 
about  hemolysis  of  a  standard  amount  of  red  cells  in  the  presence  of  a  standard 
amount  of  amboceptor.  Second,  the  ascertaining  whether  this  (or  a  multiple  of 
this)  amount  of  complement  will  hemol.yze  the  red  cells  in  the  presence  of 
amboceptor,  unknown  seinim  and  Wassermann  antigen;  or  whether  the  latter 
(serum  and  antigen)  will  "fix"  the  complement  and  thereby  prevent  hemolysis 
of  the  cells. 

Viewing  the  Wassermann  test  from  this  angle,  it  is  evident  that  the  physi- 
cal factors  which  influence  hemolysis  of  red  cells,  such  as  the  nature  and  period 
of  incubation,  ought  to  be  the  same  in  the  first  step  of  the  test  as  in  the  second. 
However,  while  mo.st  workers  resort  to  the  water-bath  as  the  mode  of  incubation, 
they  do  not  always  employ  the  same  period  of  incubation  iu  both  cases.  To 
illustrate :  one  worker  might  employ  a  half-hour  incubation  period  in  his  com- 
plement titration,  (first  step  of  test)  and  one  hour  incubation  period  before 
i-eading  his  tests  (second  step  of  test)  ;  while  another  might  employ  au  incu- 
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bation   period   of   one   hour   iu   his   complement   titrations   ami    api)roximately 
fifteen  minutes  incubation  period  before  reading  his  tests. 

One  frequently  finds  still  another  variable  element  iu  the  hemolytic  system 
of  the  Wassermann  test,  namely,  the  time  of  incubation  of  amboceptor  titra- 
tions. It  is  difficult  to  see  why  the  incubation  period  of  amboceptor  titrations 
should  vary  from  the  incubation  period  of  complement  titrations  in  any  given 
procedure;  and  it  is  no  less  difficult  to  see  why  the  incubation  periods  of  both 
of  these  titrations  should  differ  from  the  final  incubation  period  before  reading 
the  tests.  Yet,  as  is  illustrated  by  the  table  given  below,  tliese  variations  are  not 
uncommon,  Kolmer  being  tlie  only  worker  listed,  who  employs  a  constant  in- 
cubation period  throughout. 


ILLUSTKATING   VARIATIONS   IN   THE  LENGTH   OF   INCUBATION   PERIODS   OF   AMBOCEPTOR   AND   COM- 
PLEMENT  TiTRjVTIONS   AND  Or   FINAL   TESTS,   AS   EMPLOYED   BY  DIFFERENT   "WORKERS 


NO. 

AUTHOR 

LENGTH    OP    INCUBA- 
TION  PERIOD  OF  AMBO- 
CEPTOR  TITRATIONS 

LENGTH    OF   INCUBA- 
TION   PERIOD    OF    COM- 
PLEMENT   TITRATIONS 

LENGTH    OP    PINAL    IN- 
CUBATION   PERIOD,    BE- 
FORE READING  TESTS 

I 

HintuiU 

(Mass.    State 

Board   of  Health) 

1  hour 

i  hour 

1  hour 

II 

]vohner= 

1  hour 

1  hour 

1   hour 

III 

Koopmans 

(X.  Y.  City  Board 

of   Health) 

1  hour 

1  hour 

Approx.    15    mill. 
(Tests    are    read     as 
soon      as      controls 
hemolyze 

IV 

NeiH 

(U.S.    Public 

Health    Service) 

1  hour 

i  hour 

J  hour 

V 

Simons 

J  hour 

10-1.5  minutes 

IV 

Thomas    and    Ivye 

1  hour 

1  hour 

li   to   2   hours 

Granting  the  importance  of  employing  a  standard  incubation  period  for 
tlie  hemolytic  phase  of  the  Wassermann  test,  it  was  felt  that  the  adoption  of  a 
15-minute  period  would  serve  the  purpo.se  best,  since  it  would  practically  elimi- 
nate the  old-disputed  question  whether  to  titrate  complement  or  am])oceptor  in 
this  test.  Those  workers  who  employ  amboceptor  instead  of  complement  titra- 
tions in  the  Wassermann  test,  do  so  largely,  not  because  amboceptor  titrations 
render  the  Wassermann  results  more  accurate,  but  rather  because  these  titra- 
tions render  the  procedure  of  the  test,  more  practical.  Daily  complement  titra- 
tions necessarily  delay  the  completion  of  the  Wassermann  tests,  while  amboceptor 
titrations  do  not  and  are  preferred  for  this  reason.  By  adopting,  therefore,  a 
15-minute  incubation  period,  the  delay  prodiiccd  l)y  complement  titrations  be- 
comes comparatively  insignificant,  ;iiid  the  lime  objection  against  these  titra- 
tions, is  practically  eliminated. 

A  solution  to  this  ])roblem  was  attempted  by  studying  the  amount  of 
hemoh'sis  produced  in  amboceptor  and  coiiiijleineiil  lilrations  during  l.'i-minute, 
30-minute  and  1-hour  inculiation  periods. 

To  begin  witli,  the  iniit  of  new  niiilKPceptor  \vas  determii.ed  by  preparin;;  a  series  of 
dilutions  of  amboeejitor  scrum  ami  titrating  each  with  0.1  c.c.  of  a  5  per  cent  suspension 
of  sheep  cells  and  0.1   c.c.   of   1-10   pooled  guinea  pig  compleincnt    (one-tenth  quantities  of 


1 

2 

3 

4 

.5 

6 

7 

8 

9 

10 

1 

.09 

.08 

.07 

.06 

.0.5 

.04 

.03 

.02 

.01 

1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 
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;'lasskal  Wassermann).     The  titrations  were  carried  out  in  a  series  of  10  tiilics,  in  the  fol- 
lowing proportions: 

Tube 
Amboceptor    (c.c.) 
Complement  (c.c.)    (1-10) 
Sheep-Cells    (c.c.)     (5%) 
Saline  (drops) 

The  unit  was  read  in  each  case  after  15  minutes  incubation  in  the  water-bath.  For  the 
sake  of  simplicity  all  the  reagents  in  the  Wassermann  test  are  employed  in  0.1  e.c.  quantities. 
The  unit  aimed  at,  therefore,  was  0.05  c.c.,  so  tliat  0.1  c.e.  would  contain  2  units  of  amboceptor. 

After  finding  the  dilution  of  amboceptor  serum  which  gave  a  unit  of  0.05  c.c,  the  titra- 
tions were  repeated  daily  for  a  week  with  different  pooled  complements  in  order  to  establish 
a  permanent  amboceptor  unit. 

The  amboceptor  unit  being  determined,  complement  units  were  obtained  by  em[]loyiiig 
pooled  1-10  complement  in  quantities  ranging  from  0.1  to  0.01  c.c,  with  2  units  of  ambo- 
ceptor and  0.1  c.e.  sheep-cells,  after  incubation  for  15  minutes  in  water-bath. 

It  was  soon  found  that  with  the  procedure  employed  in  this  laboratory,  the 
difference  between  15  minutes  and  lo  hour  incubation  was  frequently  so  slight 
as  to  make  it  too  indefinite  for  accurate  readings  and  that  the  difference  between! 
15  minutes  and  1  lionr  incubation,  was  nothing  more  than  one  gradation  in: 
either  complement  or  amboceptor  titrations.  Thus,  if  the  complement  or  ambo- 
ceptor unit  was  0.05  at  the  end  of  15  minutes  incubation,  it  was  0.04  at  the  end 
of  one  hour  incubation  and  if  the  unit  was  0.04  at  the  end  of  15  minutes  it  was 
0.03  at  the  end  of  an  hour. 

hj  employing  a  15  minute  incubation  period  in  our  tests,  it  was  a  comparativelj'  simple 
matter  to  observe  the  differences  in  these  units.  Thus,  after  reading  the  respective  units 
after  15  minutes  incubation,  the  titration  racks  were  merely  permitted  to  remain  in  the  water- 
bath  for  45  minutes  longer  and  the  units  determined  again.  These  readings  were  carried  out 
daily  for  several  months  as  a  matter  of  routine,  without  however^  keeping  a  record  of  them. 

Table  II  based  on  10  recent  daily  titrations,  illustrates  the  marked  constancy 
in  the  dift'erence  between  15  minutes  and  1  hour  incubation.  The  complement 
titrations  are  regularly  being  carried  out  in  duplication  in  this  laboratory  be- 
cause of  the  importance  of  employing  a  proper  amount  of  this  ingredient. 

Otteuberg,'  in  discussing  the  incubation  period  of  complement  and  ambo- 
ceptor titrations,  states  that  1  hour  is  too  long  for  practical  work  and  15  minutes 
probably  too  short,  and  suggests  the  adoption  of  a  30-minute  period.  According 
to  this  worker,  "The  15-minute  period  is  probably  too  short  to  allow  for  slight 
differences  in  the  speed  with  which  the  mixtures  assume  the  temperature  of  the 
thermostat,  due  to  variations  in  the  thickness  of  the  glassware,  etc."  We  have 
been  employing  AVassermann  tvibes  ranging  in  thickness  from  0.025  to  0.075  of 
an  inch,  without  detecting  after  15-minute  incubation  any  variations  in  our 
complement  and  amboceptor  titrations  due  to  these  differences  in  thickness. 
Neither  have  we  been  able  to  detect  any  other  factors  which  tend  to  interfere 
with  the  correct  determination  of  these  units  after  this  short  period  of  incuba- 
tion.* 

A  distinct  advantage  in  the  employment  of  a  15-minute  incubation  period, 

•The  writer  is  informed  that  Dr.  Ot.;-l.erg  has  been  for  some  time  employing  a  15-minute  incuba- 
tion period;  and  that  Dr.  Kaliski  also,  at  the  laboratory  of  the  Mt.  Sinai  Hospital,  Aew  \oTk,  has  been 
employing  this   short   incubation   period. 
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THE  Effect  of  15  Minutes  as  CoMPARia)  with  1  Hour  Incubation  on  the  Deter- 
mination OF  THE  Unit  in  Complemknt  and  Amboceptor  Titrations 


unit    op    complement    AFTER 

UNIT    OF    AMBOCEPTOR    AFTER 

DATE 
1920 

Sept. 

15  Minutes 

Incubation 

c.e. 

1  Hour 

Incubation 

c.c. 

15   Minutes 

Incubation 

c.c. 

1    Hour 

Incubation 

c.c. 

8 

.05 
.05 

.04 
.04 

.05 

.04 

9 

.(l-t 
.04 

.0.3 
.03 

.05 

.04 

10 

.03 
.0.3 

.02 
.02 

.04 

.03 

11 

.04 
.04 

.03 
.03 

.04 

.03 

13 

.05 
.05 

.04 
.04 

.05 

.04 

14 

.04 
.04 

.03 
.03 

.05 

.04 

15 

.05 
.05 

.04 
.04 

.05 

.04 

16 

.04 
.04 

.03 
.03 

.05 

.04 

17 

.04 
.04 

.03 
.03 

.05 

.04 

18 

.05 
.05 

.04 
.04 

.06 

.05 

may  be  mentioned  in  this  couueetion.  When  titrating'  pooled  complement  from 
3  or  4  guinea  pigs  on  any  given  day,  it  not  infrequently  happens  that  one  of  the 
sera  is  of  poor  complement  potency  and  that  it  would  be  better  not  to  use  it  in 
the  mixture.  With  the  employment  of  an  incubation  period  lasting  1  hour,  it 
is  often  difificult  to  detect  the  presence  of  the  slrtw  complement,  since  by  the 
end  of  that  time,  the  hemolysis  is  so  nearly  com]ilet(',  due  to  the  potent  comple- 
ments, that  the  poor  complement  is  all  covered  up,  so  to  speak.  With  the  em- 
ployment of  a  15-minute  incubation  period,  however,  the  finding  of  a  slow  com- 
plement in  a  pooled  mixture  is  a  comparatively  simple  matter.  The  series  of 
titration  tubes  usually  show  about  90  instead  of  100  per  cent  of  hemolysis,  indi- 
cating the  ]iros('n{'o  of  a  serum  which  is  "))r(>vontinn"'  hemolysis.  Under  these 
conditions,  carli  |)i<;'  is  titrated  separately  jiiiil  the  pdor  comjilement  discarded. 

In  this  laboratory  a  15-minute  incubation  period  is  being  employed  for 
complement  and  amboceptor  titrations,  and  approximately  15  minutes  for  the 
final  incubation  before  reading  the  tests.  Oui-  ('xpi'ri(Mic('  with  this  procedure 
is  based  on  10,000  Wassermanu  tests.  And  in  our  opinion  this  short  incubation 
period  is  highly  desirable  from  both  a  theoretical  and  practical  viewpoint. 

2.  The  problem  whether  to  titrate  complement  or  amboceptor  in  the  Wasser- 
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maim  test,  has  recently  been  revived  by  Kolmer,  Matsiiuami  and  Rule.-  After 
an  extensive  stud\'  of  this  question,  these  investigators  make,  among  others,  this 
significant  statement:  "Adjustment  of  the  hemohi:ic  sy.stem  by  daily  titration 
of  complement  has  proved  superior  to  adjustment  by  daily  titration  of  hemolysin 
for  the  conduct  of  complement-fixation  tests  of  syphilis."  Among  other  workers, 
Ottenberg  particularly  has  been  emphasizing  for  the  past  several  years  the  im- 
portance of  daily  titrations  of  complement  in  preference  to  amboceptor  in  the 
Wassermann  test,  ilost  workers  it  appears,  are  at  present  agreed  on  this  point, 
except  that  in  laboratories  where  a  large  number  of  tests  are  performed  daily, 
complement  titrations  are  impractical  because  of  the  delaj'  they  cause  in  the 
completion  of  the  tests.  This  is  especially  true  in  those  cases  where  1-hour  in- 
cubation periods  are  employed. 

With  the  reduction  of  the  time  of  incubation  of  the  hemolytic  system  to  15 
minutes,  the  element  of  delay  practically  disappears.  In  this  laboratory  with 
approximately  100  "VYassermanu  tests  daily,  we  find  this  element  to  be  quite 
negligible.  It  takes  from  3  to  i  minutes  to  set  up  a  complement  titration  and 
with  15  minutes  incubation,  the  complement  unit  is  usually  obtained  within  20 
minutes. 

"We  do  not,  however,  .stop  with  this  titration.  We  daily  titrate  amboceptor 
as  well.  This  is  done  not  because  of  the  slight  changes  in  the  keeping  quality  of 
the  amboceptor,  but  in  order  to  insure  that  no  less  than  two  imits  of  amboceptor 
will  be  employed  with  the  complement  and  cell  suspension  of  any  given  day. 
And  as  a  result  of  this  extra  titration  we  have  been  able  to  avoid  the  occasional 
difficulties  which  come  up  in  a  Wassermann  laboratory,  due  to  an  unbalanced 
hemolytic  system. 

To  begin  with,  we  do  not  titrate  the  hemolytic  system  in  the  presence  of 
antigen.  Such  titrations  ought  to  include  a  fixation  period  of  the  same  length 
of  time  and  at  the  same  temperature  as  carried  out  in  the  tests.  Thus,  in  our 
procedure,  the  complement  titrations  with  alcoholic  extract  antigen,  ought  to 
be  given  a  four-hour  fixation  period  in  the  ice  box,  since  we  employ  this  mode  of 
fixation  in  our  alcoholic-antigen  tests.  Neither  do  we  titrate  our  complement  in 
the  presence  of  pooled  negative  sera,  since  the  sera  employed  would  necessarily 
have  to  be  that  left  over  from  the  tests — in  other  words,  comparatively  old — and 
as  is  well-known,  the  older  the  serum  the  more  complement  it  absorbs ;  it  is  ques- 
tionable therefore,  whether  the  complement  absorption  of  such  pooled  sera  would 
represent  the  amount  of  complement  absorbed  by  the  comparatively  fresher  sera 
employed  in  the  test.  In  our  opinion,  the  titration  of  complement  in  the  presence 
of  ambocptor  and  cells  and  the  employment  of  two  units  of  complement,  are, 
so  far  as  our  present  knowledge  goes,  highly  adaptable  for  a  routine  laboratory. 

To  return  to  the  amboceptor  titrations,  it  will  be  recalled  that  the  original 
amboceptor  unit  is  obtained  by  titrating  different  dilutions  of  amboeeptor-serum 
with  a  series  of  pooled  complements  diluted  1-10.  For  convenience,  this  ambo- 
ceptor unit  is  contained  in  0.05  c.c.  of  diluted  amboceptor  so  that  0.1  c.c.  is 
equivalent  to  two  units.  Now,  after  titrating  the  complement  on  a  given  day 
with  0.1  c.c.  amboceptor  as  the  constant  and  determining  the  proper  dilution 
which  will  contain  two  units,  it  not  infrequently  happens  that  if  the  amboceptor 
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is  titrated  back  witli  the  two  units  of  i-onipleiiieiit  as  the  constant,  tliat  0.1  e.e.  of 
amboceptor  contains  less  tlian  two  units.  To  illustrate  his  point,  we  will  con- 
sider the  titration  of  the  liemolytie  system  of  September  18th,  as  recorded  in 
Table  11. 

1.  Tlie  coniiilement  consisted  of  fresh  pooled  serum  from  three  guinea  pigs  diluted  1-10. 

2.  The  amboceptor  was  immune  rabbit  serum  in  a  dilution  of  1-2200,  0.1  c.c.  of  which 
contained  two  units. 

3.  The  sheep-cells  were  obtained  on  the  day  before,  from  our  own  sheep,  washed  four 
times  with  saline  and  centrifuged  at  1600  r.  p.  m.  for  14  minutes,  after  which  they  were 
made  up  into  a  5  per  cent  suspension. 

4.  Complement  titrations  were  carried  out  with  quantities  ranging  from  0.1  c.c.  to  0.01 
c.c.  employing  0.1  c.c.  amboceptor  (2  units)  and  0.1  c.c.  sheep-cells,  as  constants.  These 
titrations  were  carried  out  independently  by  two  workers  and  the  unit  obtained  in  each  case 
after  15  minutes  incubation  in  water-bath,  was  0.05  c.c.  Therefore,  0.1  c.c.  of  1-10  comple- 
ment was  used  in  the  tests. 

5.  An  amboceptor  titration  was  then  carried  out  several  hours  later  (during  the  fixation 
period)  and  the  unit  after  15  minutes  incubation,  was  found  to  be  0.06  instead  of  0.05  c.c. 
If  therefore,  we  had  used  0.1  c.c.  of  amboceptor  in  our  final  tests,  we  would  have  employed 
less  than  two  units  of  amboceptor. 

6.  In  ordei-  to  bring  the  amboceptor  dilution  to  a  point  where  two  units  will  be  contained 
in  0.1  c.c,  the  following  [iroportion  was  resorted  to: 

2200  :  06  : :  X  :   .05 
X  =  1S3.3 
Based  on  this  finding,  the  amboceptor  was  diluted  1-1800  and  0.1  c.c.  used  in  tlie  final  tests. 
In  this  way  an  unbalanced  hemolytic  system  was  avoided  on  that  clay. 

The  faet  that  the  potency  of  amboceptor  is  comparatively  constant  for  long 
periods  has  led  most  workers  to  believe  that  once  the  amboceptor  unit  is  estab- 
lished it  is  not  necessary  to  titrate  it  every  day;  that  the  daily  titration  of  com- 
plement is  sufficient.  It  is  questionable,  in  our  opinion,  whether  this  reasoning 
is  correct.  It  is  not  the  titre  but  tlie  keeping  cjuality  of  amboceptor  that  is  con- 
stant. The  titre  varies  daily  with  the  potency  of  the  c(miplemeiit  and  with  the 
slight  changes  in  resistance  and  concentration  of  the  sheep-cell  suspension.  A 
glance  at  Table  II,  shows  a  tendency  for  the  daily  amboceptor  titration  to  run 
somewhat  weaker  than  the  corresiwnding  complement  titration  on  certain  days. 
This  is  undoubtedly  due  to  tiie  fact  that  while  complement  titrations  are  generally 
carried  out  the  first  tiling  in  tiie  morning  with  complement  just  removed  from 
the  ice  box,  amboceptor  titrations  are  carried  out  several  hours  later — after  the 
Wassermann  sets  are  undergoing  fi.xation  in  the  ice  box  or  water-bath.  During 
tins  interval  tlic  c(impl<'iiH'nt  would  iiatui'ally  undergo  slight  deterioration.  It 
is  not  iiiililicly  that  altiioiigh  the  original  amount  of  complement  was  two  units, 
that  by  llw  time  tlic  amboceptor  titration  is  carried  out,  %  to  ^4  oi  a  unit  has 
deteriorated,  if  to  this  is  added  the  changes  in  the  resistance  of  sheeii-cells,  it 
is  easy  to  understand,  wiiy  tiie  amboeeptor  titre  is  frcipiently  less  than  two 
units. 

To  state  lliis  in  anoliier  way,  two  units  (instead  of  one  unit)  of  complement 
are  emplo\iMl  in  llie  Wasseniiann  tests  in  oi-der  to  overcome  tlie  non.specific  bind- 
ing of  seriiiii  and  antigen,  liiit  po.ssilily  not  enough  provisions  are  made  for  the 
natural  deterioration  of  ciniiplenieiit  diiriiig  tlie  fixation  jieriod.  We  start  out 
witii  two  units  of  com]ileiiieiil  in  our  tests  Mini  liy  tiie  lime  cells  and  aiiilioeeplor 
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arc  ready  to  be  added,  we  might  be  dealing  with  1%  complement  units  instead 
of  2.  Observations  carried  out  in  this  laboratory,  lead  us  to  believe  that  this 
deterioration  element  is  of  particular  importance  if  a  given  pooled  complement 
contains  a  serum  of  low  complement  potency.  Our  findings  indicate  that  the 
poorer  the  complement,  the  faster  it  deteriorates ;  and  when  starting  out  with 
two  units  of  pooled  complement,  it  is  not  unlikely  that  due  to  one  serum  of  low 
potency,  the  titre  of  the  mixture  at  the  end  of  the  fixation  period,  might  be  con- 
siderably less  than  two  units.  It  is  evident,  therefore,  that  an  amboceptor  titra- 
tion during  the  fixation  period  tells  us  whether  the  complement  has  undergone 
sufficient  deterioration  to  affect  the  balance  of  the  hemolytic  system.  If  the  am- 
boceptor titration  is  somewhere  above  two  iiuits,  we  make  no  change,  but  if  below 
two  units,  we  bring  it  up  to  two  units  according  to  the  procedure  outlined  above. 
It  takes  no  more  than  20  minutes  to  complete  an  amboceptor  titration. 
Furthermore,  it  is  carried  out  during  a  period  when  Wassermaim  workers  have 
amiile  time ;  no  practical  objections,  therefore,  can  be  raised  against  it.  The 
advantage  derived  from  these  titrations,  however,  is  quite  important.  The  em- 
liloyment  of  a  properly  balanced  hemolytic  system  from  day  to  day,  forms  the 
basis  of  correct  "Wassermanu  tests.  In  this  laboratory,  aside  from  the  employ- 
ment of  a  4-1-  and  negative  .serum  control,  a  doubtful  control  also,  is  included 
in  the  daily  te.sts.  A  doubtful  test  is  somewhere  between  a  1+  and  a  negative; 
it  is  a  serum  showing  in  the  neighborhood  of  12.5  per  cent  complement  binding. 
These  doubtful  controls  practically  check  from  day  to  day,  and  in  our  opinion, 
this  is  due  to  the  fine  graduation  of  the  hemolytic  system,  resulting  from  the 
combined  complement  and  amboceptor  titrations.  Furthermore,  we  employ  a 
cholesteriuized  antigen  of  pig's  hearts  with  water-bath  fixation  and  an  alcoholic- 
extract  antigen  of  beef  heart  with  ice  box  fixation,  and  our  tests  check  nearly 
100  per  cent.  Our  records  show  that  in  the  last  8000  tests,  onlj'  1  in  1500  did  not 
check.*  This  also  we  believe,  is  largely  due  to  the  combined  complement  aud 
amboceptor  titrations. 

CONCLUSIOXS 

1.  The  time  of  ineubation  of  amboceptor  and  complement  titrations  and  the 
time  of  final  incubation  before  reading  the  tests,  should  be  the  same  in  any  given 
procedure ;  the  standardization  of  this  ineubation  period  of  15  minutes,  is  highly 
desirable. 

2.  The  daily  titration  of  both  complement  and  amboceptoi-  in  the  Wasser- 
manu test,  is  necessary  to  a  properly  balanced  hemolytic  system. 
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*We  consider  a  strong  positive  by  one  method  and  a  weak  positive  by  the  other,  a  check;   while  a 
or  weak  positive  by  one  method  and  negative  by  the  other,  is  repeated  as  a  matter  of  routine. 


A  COMPOSITE  REAGENT  FOR  THE  DETERMINATION  OF  SODIUM 
CHLORIDE   IN  URINE* 


By  H.  V.  Atkinson,  Chicago,  III. 


I 


N  the  determiuatioii   of  sodium   t-hloride  in  uriiio,   it   has  been   found  very 
convenient  to  make  up  the  foHowing  solution : 


Silver  nitrate 

0.G7  Grams 

Ferric  ammonium  alum 

75  Grams 

Nitric  acid,  cone. 

150  o.c. 

Water  to 

1000  c.c. 

There  is  also  needed  the  usual  ammonium  thioeyanate  solution,  1  c.c.  of 
which  equals  0.01  gm.  of  sodium  chloride,  which  can  be  made  overstrength 
by  dissolving  14  gm.  of  ammonium  thioeyanate  in  1000  c.c.  of  water  and  check- 
ing against  the  above  reagent,  4.5  c.c.  of  which  should  equal  1  c.c.  of  ammonium 
thioeyanate  solution ;  water  is  added  to  this  solution  until  4.5  c.c.  of  the  com- 
posited reagent  exactly  equals  1  c.c.  of  the  thioeyanate.  The  determination 
is  made  as  follows: 

Place  90  c.c.  of  the  reagent  in  a  glass  stoppered  100  c.c.  cylinder  and 
add  10  c.c.  of  urine  from  a  pipet.  Shake  and  allow  to  stand  for  a  few  minutes, 
then  pipet  off  50  c.c.  of  the  approximately  clear  solution  and  titrate  the  excess 
silver  nitrate  with  the  standard  thioeyanate. 

Calculation:  Since  90  c.c.  of  the  reagents  equals  20  c.c.  of  the  standard 
thioeyanate  and  only  half  of  the  excess  silver  nitrate  is  titrated  20-2  (20- 
titration)  x  0.01  =  gm.  NaCl  in  10  c.c.  of  urine  used. 

This  reagent  avoids  measuring  separately  the  water,  nitric  acid  and  satu- 
rated ferric  ammonium  alum.  The  precipitate  settles  rapidly  and  renders 
filtration  unnecessary.  The  absolute  error  of  measuring  90  c.c.  in  a  cylinder 
is  no  greater  than  the  error  of  measuring  20  c.c.  from  a  pipet.  The  use  of  two 
extra  pipets  can  be  avoided  by  using  a  very  tall,  accurately  graduated,  100 
c.c.  cylinder  and  thus  measuring  the  10  c.c.  of  urine  on  top  of  the  90  c.c.  of 
standard  silver  solution  and  likewise  the  50  c.c.  of  clear  supernatant  liquid 
for  titration. 


•From    Ihe   Labor.itovy    of   Pharmacology,    College   of    Medicine.    University    of    Illinois,    f'hicago.    111. 
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THE  UTILIZATION  OF  THE  CILIARY  GANGLION  FOR  CLASS  WORK 
IN  THE  PHYSIOLOGY  AND  PHARMACOLOGY  OF  THE  EYE* 


By  Hugh  McGuigan,  Ph.D.,  M.D.,  Chicago.  III. 


IN  tlie  physiology  aud  pharmacology  of  the  eye,  stimulation  of  the  sympathetic 
nerve,  as  is  well  known,  gives  a  marked  dilation  of  the  pnpil.  Constriction 
of  the  pupil  is  usually  not  demonstrated,  except  by  varying  the  focus,  or  by  the 
use  of  drugs. 

Direct  stimulation  of  the  ciliarv  ganglion  can  be  utilized  almost  as  easily 
as  .stimulation  of  the  sympathetic ;  and  alternate  stimulation  of  the  two,  makes 
the  result  of  each  more  striking.  An  experiment  conducted  as  follows  is  illus- 
trative : 

Anesthetize  a  dog,  and  isolate  the  vagosympathetic  nerve ;  ligate  and  cut 
this.  Use  the  central  end  for  stimulation.  Note  the  effect  on  the  pupil.  Now 
dissect  in  the  temporal  region  sufficiently  to  expose  the  orbit  to  its  depth.  Find 
the  external  rectus  muscle  and  dissect  back  carefully  as  far  as  possible.  The 
ciliary  ganglion  is  found  internal  to  and  under  the  external  rectus,  and  under 
the  superior  rectus,  close  to  the  optic  nerve  and  about  an  inch  and  one-half  back 
of  the  e.veball  (the  distance  depending  on  the  size  of  the  dog).  The  diagrams 
given  in  human  anatomy  locate  this  satisfactorily,  and  suffice  as  guides  in  the 
dissection.  The  ganglion  is  smaller  than  a  pin  head  but  plainly  visible,  and 
stimulation  of  it  with  a  weak  current  leaves  no  doubt  of  its  identity.  It  is  ad- 
visable to  cut  the  extrinsic  muscles  of  the  eye  to  prevent  movement.  It  is  ad- 
visable also  to  first  dissect  out  the  ganglion  in  a  dead  animal,  to  get  its  exact 
location. 

We  have  found  in  most  cases  it  is  simpler  to  enucleate  the  eye  with  its 
extrinsic  muscles  aud  to  work  with  it  in  warm  (40°  C.)  saline.  Such  a  prepara- 
tion is  usable  for  at  least  15  minutes  after  removal.  By  stimulation  around  the 
cut  end  of  the  optic  nerve  in  such  a  preparation,  one  can  readily  find  dilator 
fibers,  (long  ciliary?)  a  little  peripheral  to  this  and  to  the  temporal  side  the 
ciliary  ganglion  may  be  found,  stimulation  of  which  gives  the  greatest  possible 
constriction  of  the  pupil.  We  have  already  recorded  the  use  of  this  in  research 
work  (Jour.  Pharmacol.,  July,  1920,  xv.  No.  5,  p.  415)  and  use  it  in  class  room 
work.  The  action  of  nicotine  and  other  drugs  can  be  easily  demonstrated  on  this 
ganglion. 

A  little  practice  in  the  dissection  develops  adequate  skill  in  this  striking 
and  valuable  experiment.  Care  is  necessary  not  to  stretch  or  tear  the  post 
ciliary  fibers  (short  ciliary  nerves). 


•From  the  Laboratory   of   Pharma.c-ogy,   College    of   Medicine,    University   of   Illinois,   Chicago. 
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EDITORIALS 


Tuberculosis  and  Reinfection 

OF  GREAT  interest  to  workers  in  the  tuberculosis  field  are  two  recent  and 
excellent  works,  "L 'Infection  Bacillaire  et  la  Tubereulose,"  by  A.  Cal- 
mette,  and  "A  Study  in  the  Epidemiology  of  Tuberculosis"  by  Col.  G.  E. 
Bushnell.  The  forniei-  is  written  by  one  of  the  greatest  French  investigators 
in  tuberculosis,  the  latter  by  one  of  unusual  clinical  and  pathologic  experi- 
ence and  a  master  of  the  literature  of  this  disease.  Many  parts  of  these  works  are 
worthy  of  discussion  and  may  be  referred  to  in  these  columns  later ;  for  the 
present  the  important  question  of  reinfection  will  be  considered. 

In  1886  Marfan^  announced  the  following  "law"  in  tuberculosis:  "One 
almost  never  finds  pulmonary  tuberculosis,  at  least  manifest  and  a  progress- 
ing disease,  in  people  who  in  infancy  have  been  the  subjects  of  scrofula  (sup- 
purative tuberculous  adenitis  of  the  neck)  and  who  have  been  completely 
cured  of  this  before  the  age  of  fifteen,  such  cure  having  taken  place  before 
any  other  focus  of  tuberculosis  was  discoverable." 

In  1891  Koch-  announced  the  experiments  in  reinoculating  tuberculous 
guinea  pigs,  M-hich  led  him  to  introduce  tuberculin.  Briefly,  these  experi- 
ments  sliowcd   a   more   violent    local    tissue    reaction,    together   M'ith    greater 
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tendency  to  healing,  in  second  inoculations  than  in  primary  ones.  Later 
■\vork  on  the  same  point  has  shown  that  healing  of  the  second  ulcer  occurs 
only  if  the  second  dose  of  bacilli  is  fairly  small.  In  the  course  of  some  ex- 
periments on  inoculation  by  implanting  tuberculous  lymph  nodes,  in  my 
laboratory,  we  have  found  that  the  second  plant  results  in  repeated  cycles  of 
ulceration  and  healing,  as  the  bacilli  are  set  free  in  caseous  pus  by  necrosis, 
accumulate,  break  through  the  surface,  and  are  discharged,  while  the  ulcer  re- 
sulting from  the  first  plant  never  heals.  In  spite  of  the  heightened  local  im- 
munity in  all  these  experiments,  the  disease  progresses  and  the  animals  die. 

In  1907^  Calmette  published  the  results  of  experiments  with  cattle,  and 
claimed  that  without  doubt  tuberculous  animals  were  incomparably  more  resist- 
ent  to  an  intravenous  test  inoculation  than  normal  animals.  In  1908  he  addressed 
a  letter  to  practicing  physicians  in  France  in  an  effort  to  ascertain  the  truth  of 
Marfan's  "law."  He  wrote,  "The  experiences  of  the  laboratory  show  that  cattle 
nearly  always  recover  from  a  single  infection  (by  the  digestive  route)  if 
carefully  isolated,  whereas  they  rarely  recover,  but  become  actively  tuber- 
culous, if  they  are  infected  several  times  at  short  intervals,  or  if  they  are  left 
in  prolonged  contact  with  tuberculous  animals.  It  appears  then  that  cattle, 
just  as  man,  cured  of  former  lesions,  may  be  in  some  manner  'vaccinated.'  It 
is  important  that  we  should  know  if  child  and  adult  immunity  against  tubercu- 
losis can  be  established  following  an  old  light  or  massive  infection." 

The  answers  received  all  agreed  that  severe  forms  of  pulmonary  tubercu- 
losis were  rare  in  people  who  had  received  in  childhood  a  localized  tuberculous 
lesion. 

Calmette  relates  many  experiences  of  different  workers  bearing  on  the 
Koch  phenomenon.  R6mer"s  work  of  1909  is  quoted,  which  leads  to  the  con- 
clusion that  "Tuberculosis  of  reinfection  invariably  takes  the  gait  of  a  chronic 
infection."  Bezancon  and  Serbonnes''  showed  that  with  the  guinea  pig 
earl.y  reinfection  of  a  tuberculous  animal — from  the  first  to  the  fifteenth  day 
after  the  primary  infection — leads  to  abscess  formation  without  healing. 
Only  after  the  sixteenth  to  the  eighteenth  day  does  the  phenomenon  of  Koch 
characterized  by  necrosis  and  healing  take  place.  These  time  relations,  by 
the  way,  correspond  prettj-  clo.sely  to  those  governing  the  fii-st  appearance  of 
the  positive  tuberculin  reaction  after  experimental  inoculation. 

Grysez  and  Petit-Dutaillis''  sought  to  ascertain  the  result  of  repeated 
inhalations  at  varying  intervals  of  time  in  guinea  pigs.  They  learned  that 
many  infections  by  inhalation  in  close  succession  were  infinitely  less  danger- 
ous to  the  animal  than  a  single  infection.  If  the  reinfections  were  attempted  late 
after  the  first  infection,  the  Koch  phenomenon  followed  and  voluminous  necrotic 
lesions  with  widespread  tissue  destruction  developed.  Bruyanf^  injected 
guinea  pigs  with  exactly  eight  bacilli  every  day  and  then  every  three  days 
for  four  months.  At  the  postmortems  lesions  showing  extraordinary  resist- 
ance were  found. 

From  all  the  evidence  of  experiments  quoted,  and  from  the  "law  of 
Marfan"  Calmette  concludes  that  the  consumptive  is  one  who  has  received 
since  childhood  successive  more  or  less  massive  reinfections. 

Tlie    contradiction    between    Bruyant's    results    with    guinea    pigs    and 
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Calmette's  with  cattle  are,  to  my  mind,  explained  by  the  supremely  important 
factor  of  dosage,  to  which  we  shall  return  later.  Apparently,  small  repeated 
infections  protect,  wliile  large  cues  overwhelm. 

Bushnell  is  very  emphatic  that  reinfection  from  without  cannot  occur 
after  a  primary  infection  is  established.  "The  inference  is  supported  by 
analogy  with  the  facts  of  other  infectious  diseases;  in  malaria  there  is  no 
reinfection  with  organisms  of  the  same  type,  in  syphilis  reinfection  does  not 
occur  until  the  disease  has  become  cured.  There  is  no  good  reason  why  dis- 
ease caused  by  the  virulent  and  highly  resistant  tubercle  bacillus  should  form 
an  exception  to  the  law  that  reinfections  do  not  take  place  so  long  as  the 
infectious  agent  is  present."  The  analogy  here  seeras  to  me  dubious.  It  is 
certainly  reasonable  to  suppose  that  in  malaria  and  syphilis,  or  in  typhoid, 
or  any  other  truly  septicemic  disease,  where  the  infecting  organism  is  likely 
to  be  present  throughout  the  bodj'  in  stiipendous  numbers,  any  new  invasion 
will  be  insignificant.  It  is  by  no  means  certain  that  the  same  is  true  of  tuber- 
culosis, where  the  tendency  to  localization  is  so  much  more  pronounced,  and 
the  general  immune  reactions  of  such  uncertain  effectiveness.  Possibly  the 
phenomenon  of  staj^hylococeus  boils  may  provide  a  closer  analogy  to  tuber- 
culosis. Here  the  body  appears  to  submit  repeatedly  to  a  reinfection  from 
the  surface,  though  it  is  possible  that  there  is  at  times  also  a  bacteremia 
without  lesions  of  the  deeper  tissues,  a  reinfection  which  it  is  able  to  localize, 
Init  against  which  it  may  not  succeed  in  developing  a  conclusive  general  im- 
munity.    Granted,  however,  that  all  reasoning  from  analogy  is  perilous. 

Bushnell  says  further,  "The  subject  may  die  of  an  extension  of  his  dis- 
ease, but  in  pulmonary  tuberculosis  will  preserve  until  the  close  of  life  the 
first  degree  of  immunity,  that  is,  he  will  develop  no  distant  foci  due  to  his 
own  bacilli,  and  will  be  immune  to  incursions  of  tubercle  bacilli  from  with- 
out." It  would  seem  that  possibly  he  has  overlooked  the  frequent  ischio- 
rectal abscesses  and  laryngeal  lesions  which  develop  by  no  means  always  as 
terminal  lesions. 

Theobald  Smith,'  whose  profound  studies  in  tuberculosis,  and  whose 
clear  vision  regarding  its  problems,  invite  the  greatest  trust,  has  expressed 
himself  very  clearly  on  this  problem  of  reinfection.  Referring  to  Romer's 
M-ork  he  says,  "The  resistance  of  the  tuberculous  animal  to  superinfection  is 
readily  broken  down  by  slightly  increased  dosage,  and  is  successful  only 
when  very  minute  doses  come  into  play,  as  pointed  out  by  Rcimer  himself. 
Granted  that  Romer's  inferences  are  correct  in  this,  that  a  tuberculous  focus 
once  under  way  prevents  the  successful  lodgement  of  the  same  infection  in 
minute  doses  from  without,  we  are  still  in  the  dark  as  to  the  fate  of  an  in- 
fection of  higher  virulence.  Romer  asserts  as  a  result  of  his  experiments  that 
most  if  not  all  tuberculous  infection  dates  back  to  early  life.  This  theory 
should  be  accepted  with  caution  and  reserve,  although  the  large  luimber  of 
positive  tuberculin  tests  in  children  give  support.  My  own  view  is  that  a 
bacillus  coming  from  without  into  the  lungs  has  as  good  a  chance,  other 
things  being  equal,  as  one  carried  there  from  some  existing  internal  focus. 
If  the  internal  infection  is  massive  and  the  fresh  infection  is  light,  the  former 
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is  more  likely  to  produce  a  focus  of  disease  than  the  latter.  If  the  fresh  in- 
fection is  massive  and  the  other  light,  the  fresh  infection  is  likely  to  produce 
disease  rather  than  is  the  metastatic  process." 

The  more  we  study  the  family  history  in  enlightened  patients,  the  more 
we  realize  the  certainty  of  repeated  infection  in  our  consumptive  patients. 
Such  infections  may  be  differently  spaced,  but  are  surely  in  most  in- 
stances multiple,  and  comparable  with  some  of  the  experiments espe- 
cially that  with  cattle — quoted  in  Calmette's  book.  The  histories  re- 
ferred to  are  usually  histories  of  family  exposure  and  it  is  probably  true 
that  it  is  multiple — we  may  say  cumulative  infection — from  without  in  the 
early  years  of  life  rather  than  in  adult  life  which  is  important.  This  is  in- 
deed Bushnell's  view,  for  in  speaking  of  childhood  infection  he  adds,  "The 
especial  danger  of  infection  from  tuberculous  members  of  the  family,  then, 
lies  rather  in  the  probable  large  size  and  frequency  of  the  infecting  closes  than 
in  much  increased  probability  of  infection  per  se." 

Tuberculization  of  the  race  is  for  the  most  part  benefieial,  as  Bushuell 
claims,  and  humanity  may  be  protected  to  a  considerable  degree  by  the  primary 
infection.  However,  it  does  not  as  yet  seem  possible  to  be  absolutely  certain 
that  reinfection  from  without  does  not  occur. 
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Treatment  of  Exophthalmic  Goiter 

RECENT  literature  contains  some  brilliant  discussions  and  reports  of  most 
interesting  experiments  on  the  treatment  of  exophthalmic  goiter.  A 
definite  or  unquestioned  remedy  for  all  cases  has  not  been  found  or  accepted 
but  the  remarkable  results  obtained  certainly  carry  with  it  promises  of  relief 
to  all. 

The  most  promising  of  all  experiments  appear  to  be  those  of  0.  P.  Kim- 
ball and  David  Marine.^  The  results  of  their  experiments  show  that  simple 
goiter  in  man  may  be  prevented  on  a  large  scale  by  the  simple  means  of  ad- 
ministering 2  grams  of  sodium  iodide  twice  yearly,  dividing  this  into  10  doses. 
They  found  that  where  no  enlargement  of  the  thyroid  existed  previous  to  the 
first  administration  of  this  drug  none  developed  later  whereas  in  a  similar 
number  of  children,  not  so  treated,  15  per  cent  developed  simple  goiter.  Al- 
though this  work  concerns  only  simple  goiter  there  is  at  least  suggestive 
evidence  that  all  forms  of  goiter  may  be  prevented  in  the  same  way,  as  the 
limitations  of  this  simple  preventative  have  not  j^et  been  determined. 
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There  are  some  who  believe  that  exophthalmic  goiter  is  a  self  limiting 
disease  and  that  spontaneous  cures  occur  at  the  end  of  5-6  years  but,  even  if 
this  were  true  in  a  large  percentage  of  eases,  there  would  be  few  patients 
willing  to  trust  to  such  luck  and  wait  until  this  period  is  past.  So  then,  if  we 
attempt  to  calculate  in  percentage  the  cures  accomplished  by  the  different 
methods  it  must  be  remembered  that  our  figures  are  only  approximately 
correct. 

Much  experimental  effort  lias  been  directed  towards  determining,  if  pos- 
sible, the  exact  etiology,  with  only  this  much  of  success  that  we  can  say  that 
we  have  in  all  cases  to  deal  with  hyperfunction  of  the  thyroid  gland  as  one 
of  the  causes,  but  whether  this  is  due  to  primary  changes  within  the  glaud 
itself  or  to  outside  stimulation  from  its  nerve  supply  or  from  any  of  the  other 
glands  of  internal  secretory  type  we  do  not  know. 

That  a  large  number  of  complete  cures  follow  partial  removal  of  the 
thyroid  gland  is  a  well  known  fact  and  as  no  recurrence  of  symptoms  follows 
it  seems  reasonable  to  suppose  that  the  cause  has  been  found  and  properly 
dealt  with.  That  others  suffering  from  the  same  disease  and  treated  in  an 
identical  manner  either  without  results  or  with  recurrence  of  symptoms  sug- 
gests equally  plainly  tliat  we  have  liere  an  outside  causative  factor  which  has 
not  been  reached. 

Such  outside  causative  factors  liave  been  found  in  the  thymus  gland  and 
the  cervical  sympathetic  ganglia  from  Avhieh  the  thyroid  receives  its  entire 
nerve  supply.  The  intimate  relation  of  the  entire  group  of  glands  of  internal 
secretion  makes  it  po.ssible  that  even  if  the  sjnnptom  complex  is  quite  con- 
stant we  may  have  the  cause  located  in  different  glands  of  the  endocrine 
group  in  the  different  individuals. 

Capelle  reported  a  hyperplastic  thynuis  gland  in  95  per  cent  of  those 
dying  from  "heart  failure"  during  or  shortly  after  an  operation  on  the 
thyroid  for  exophthalmic  goiter.  Mattie  found  hyperplasia  of  the  thymus  in 
74  per  cent  of  his  series  of  exophthalmic  goiter.  Kocher  found  hyperplastic 
thymus  in  50  per  cent  of  his  operative  cases.  Although  the  findings  vary 
greatly  in  percentage  there  is  nevertheless  definite  suggestion  of  a  close  re- 
lation between  the  disease  and  the  thymus.  Zinoi'zersky  treated  20  cases  of 
exophthalmic  goiter  with  x-ray  applied  only  to  the  thymus  gland  and  found 
some  relief  of  symptoms  in  all  cases.  Waters  made  similar  experiments  and 
of  liis  16  completed  cases  he  reports  50  per  cent  complete  cures  and  43  per  cent  of 
marked  improvement.  Of  9  cases  which  received  %  of  the  entire  treatment 
2  were  completely  cured  and  5  showed  marked  improvement.  Twenty-fo\ir  others 
received  only  '/,  of  the  prescribed  treat lueiil  and  some  of  tlicse  sliowed  marked 
improvement. 

Ilaberer  reported  a  ease  of  a  man  wlio  lu'ospntcd  himself  apparently  in 
a  dying  condition,  cyanotic,  dyspneic,  eovei'ed  with  cold  sweat  and  without 
pei'ceptible  pulse  in  the  peripheral  arteries.  There  was  marked  exophthal- 
mus,  lungs  were  edematous,  heart  and  liver  eidarged.  One  lobe  of  the  thyroid 
removed  one  year  previously,  arteries  on  the  other  side  tied.  Haberer  re- 
moved a  piece  of  tissue  from  behind  the  ni.iniihriinn  :■>  enu  long  l-t  cm.  thick 
which  resembled  fat   and    microscopicjilly   did    nut    srem    lo    eontain   thymus 
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tissue.  Tlip  patient  l)egaii  to  improve  and  a  complete  cure  followed  in  3 
months  time. 

Mannaberg  applied  x-ray  to  the  ovaries  in  patients  with  exophthalmic 
goiter  and  in  8  cases  of  prolonged  treatment  he  observed  marked  improve- 
ment. No  complete  cures  were  reported  but  there  was  marked  decrease  in 
the  pulse  rate,  relief  from  diarrhea  and  improvement  in  the  nervous  symp- 
toms. 

Cannon  succeeded  in  producing  some  of  the  symptoms  of  exophthalmic 
goiter  in  the  eat  by  constant  stimulation  of  the  thyroid  through  the  cervical 
sympathetic.  Wilson  found  a  pronounced  and  constant  lesion  of  the  cervical 
sympathetic  ganglia  in  all  cases  of  exophthalmic  goiter  examined  and  he 
states  that  there  is  much  suggestive  evidence  that  these  changes  are  the  re- 
sult of  direct  bacterial  infection  within  the  ganglia.  Leriche  resected  the 
sheath  of  the  superior  thyroid  artery  from  its  origin  to  the  pole  of  the  thyroid 
gland  thus  destroying  the  nerve  supply  to  this  lobe.  The  involved  lobe  of 
the  thyroid  gland  decreased  in  size  in  a  month's  time  so  that  there  was  no 
palpable  tumor  left,  whereas  the  lobe  on  the  other  side  remained  enlarged 
as  before. 

These  represent  but  a  few  of  the  many  experiments  reported  in  the  litera- 
ture, which,  taken  together  tend  to  convince  one  that  it  is  far  from  correct  to 
suppose  that  the  thv^roid  gland  is  or  contains  the  sole  cause  of  the  disease. 

The  most  logical  way  of  treating  Graves'  disease  would  be  by  some 
method  or  agent  with  which  one  could  attack  all  possible  causes.  Up  to  the 
present  time  the  x-ray  seems  to  have  given  the  best  results.  The  results  of 
x-ray  therapy  in  this  disease  vary  in  the  hands  of  different  workers  and  it 
appears  that  better  success  could  have  been  obtained  in  many  cases  if  heavier 
doses  had  been  given.  Nordeutoft  states  that  in  his  experience  large  doses 
are  beneficial  from  the  start  and  that  small  doses  often  irritate  and  many 
cause  harm.  Phaler  of  Philadelphia,  who  has  done  so  much  for  Roentgen 
therapy,  has  outlined  jjretty  thoroughly  the  technic  to  be  used  in  this  field 
and,  with  the  present  uniformity  of  apparatus,  it  should  be  possible  to  dupli- 
cate his  results.  Remer  has  shown  that  with  certain  distance,  milliamperage, 
spark  gap  and  time,  and  the  modern  broad  focus  Coolidge  tube,  results  are 
uniform,  regardless  of  the  make  of  transformer  or  the  age  and  discoloration 
of  the  tube  used.  It  seems  then  that  the  results  should  be  just  as  constant  as 
the  action  of  any  drug.  Holmes  and  Merrill  in  their  discussion  of  this  subject 
emphasize  the  fact  that  in  order  to  obtain  good  results  one  must  have  a  cor- 
rect diagnosis  and  that  attempts  to  reduce  the  size  of  a  cystic  or  calcareous 
goiter  would  only  end  in  disappointment  and,  probably,  hypothjToidism. 
f'otenot  reports  excellent  results  from  large  doses  with  heavy  infiltration  in 
the  typical  cases.  The  nervous  and  heart  symptoms  show  the  first  and  great- 
est improvement,  the  goiter  itself  and  the  exophthalmus  are  the  last  to  dis- 
appear. 

McElfatric  has  summed  up  well  the  benefits  of  x-ray  therapy  in  ex- 
ophthalmic goiter  as  compared  with  other  methods  of  treatment.  There  are 
no  fatalities,  no  postoperative  scars.  It  does  not  interfere  with  a  patient's 
occupation,  is  painless  and  causes  no  inconvenience.     If  unsuccessful   surgery 
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can  still  be  performed  and  with  less  risk  because  of  the  favorable  action  of 
the  rays  of  the  thymus. 
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Scurvy  in  Northern  Russia 

/^OMRIE,^  with  the  British  Troops  in  Northern  Russia  in  1919,  saw  and  was 
^^-^  able  to  treat  a  large  number  of  cases  of  scurvy  vi'hich  appeared  among  the 
natives  and  prisoners  at  Archangel  in  February.  The  prison  dietary  which  was 
in  operation  for  more  than  a  year,  was  as  follows : 

Flour  or  biscuit  11  ounces 

Rice,  oatmeal,  peas   or  beans  7l4  " 

Frozen   or  tinned   meat,   or   salt-herring  7J4  " 

Bacon  or      pork  1^  " 

Tea  14  " 

Sugar  1  " 

Salt  34 

Lime  juice   (preserved)  ^  " 

It  will  be  evident  that  the  above  diet  was  altogether  too  limited,  being  deficient 
not  only  in  proteins,  but  in  carbohydrates  and  vegetables.  The  preserved  lime 
juice  had  no  effect  in  preventing  the  development  of  scurvy;  possibly  it  might 
have  been  of  some  value  in  furnishing  a  small  amount  of  alkali.  All  the  meats 
were  boiled  for  three  hours.  After  men  had  been  living  on  the  above  given  diet 
for  between  four  and  five  months  they  developed  scurvy.  The  development  of  this 
disease  was  probably  enhanced  by  the  crowded  condition  of  the  prisons,  the  bad 
surroundings,  and  the  darkness  of  the  long  Arctic  w-inter.  Besides,  there  were 
other  diseases,  such  as  typhus,  typhoid,  influenza,  and  pneumonia,  which  pos- 
sibly had  some  influence  upon  the  rapidity  with  which  the  scurvy  developed.  As 
a  rule,  the  first  sign  was  a  purpuric  rash  on  the  legs.    As  this  came  out  the  pa- 
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tient  complained  of  mental  depression,  loss  of  energy,  and  piiysical  weakness. 
Soon  the  gums  were  swollen  and  bleeding.  The  ankles  became  edematous  and 
complaint  was  made  of  pain  in  various  parts  of  the  body,  especially  in  the  head, 
chest,  or  legs.  About  eighty  per  cent  of  the  cases  showed  the  gums  tender, 
swollen,  often  ulcerated,  and  frequently  bleeding.  In  many  there  was  an  ex- 
tensive pyorrhea,  the  teeth  being  loose  and  surrounded  by  pockets  of  pus. 
About  eighty-six  per  cent  showed  well  marked  hemorrhages  and  these  were  at 
points  on  the  body  most  frequently  subjected  to  pressure,  like  the  trochanter, 
elbow,  shoulder,  and  in  localities  where  blows  had  been  received.  In  about 
fifty  per  cent  of  the  cases  hemorrhage  was  found  deep  in  the  muscles,  usually 
in  the  legs,  accompanied  by  tenderness  on  pressure,  with  pain.  They  caused 
marked  limitation  in  the  movements  of  the  limbs.  It  was  somewhat  difficult 
to  distinguish  hemorrhages  into  the  joints  from  those  about  the  joints.  The 
joints  were  frequently  swollen,  tender,  and  constantly  kept,  so  far  as  possible, 
immobile.  These  joint  affections  were  in  evidence  not  only  among  the  prisoners, 
but  among  the  natives  in  civil  hospitals.  During  recovery  the  hemorrhages  into 
the  muscles  were  absorbed  with  striking  rapidity,  large  black  and  hardened  areas 
of  from  four  to  five  inches  in  diameter  disappearing  completely  in  two  or  three 
weeks.  Hemorrhages  into  internal  organs  also  occurred  and  were  in  evidence 
in  those  cases  which  came  to  autopsy.  In  two  ca:;es  there  was  hemorrhage  from 
the  bowel  and  in  two  others  from  the  urinary  passages  during  life.  In  all  cases 
the  heart  beat  was  feeble  and  in  many  functional  murmurs  were  easily  detected. 
At  autopsy  the  cardiac  muscle  showed  a  high  degree  of  brown  atrophy  with 
great  reduction  in  the  size  of  the  ventricles.  In  some  cases  sudden  death  resulted 
from  effusions  in  the  pleural  cavities.  Anemia  marked  the  more  advanced  cases. 
It  had  the  characteristics  of  a  secondary  anemia  with  lymphocytosis.  It  was 
rather  surprising  to  find  that  the  coagulation  time  of  the  blood  was  not  appreci- 
ably altered  and  that  there  was  no  tendency  to  hemorrhage  when  superficial 
wounds  were  inflicted.  There  was  a  slight  diminution  in  the  alkalinity  of  the 
blood.  The  urine  showed  but  little  or  no  abnormality,  albuminuria  being  ob- 
served only  five  times.    In  four  cases  out  of  fifty  the  urine  was  alkaline. 

There  was  no  difficulty  in  making  a  diagnosis  of  the  advanced  cases,  but  the 
disease  was  not  recognized  in  its  incipiency.  In  early  cases  there  might  be  noth- 
ing more  than  a  rash  on  the  legs  with  more  or  less  edema,  accompanied  usually 
by  mental  depression.  Cases  at  this  stage  were  diagnosed  under  widely  different 
heads. 

Under  the  weather  conditions  existing  in  northern  Russia  it  was  found  that 
scurvy  was  easily  prevented  by  issuing  a  ration  of  germinated  peas  or  beans. 
For  germination  the  dry  peas  or  beans  are  steeped  in  water  for  from  one  to  two 
days  until  the  embryonic  root  begins  to  sprout.  They  are  then  spread  on  one 
damp  cloth  and  covered  by  another  and  kept  in  this  state  at  proper  temperature 
until  the  sprouts  become  about  half  an  inch  long.  These  germinated  peas  are 
lightly  boiled  with  milk  or  water  not  exceeding  half  an  hour.  Beans  do  not 
germinate  so  easily,  and  therefore  are  less  suitable  for  the  army  ration  in  cold 
countries  than  peas.  Lemons  or  fresh  lirne  juice  are  of  value,  but  the  presen-ed 
lime  juice  is  without  value. 

For  experimental  purposes  Comrie  took  forty-eight  cases  having  the  disease 
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with  about  the  same  degree  of  severity  and  divided  them  into  six  groups  of  eight 
each,  indicated  by  the  letters  A,  B,  C,  D,  E,  and  F.  These  were  segregated  from 
one  another  and  kept  under  guard.  All  of  these  men  had  a  general  diet,  which 
consisted  of  bread,  twelve  ounces;  oatmeal,  two  ounces;  fat,  one  ounce;  frozen 
meat,  ten  ounces,  boiled  for  three  hours ;  milk,  two  pints,  boiled  for  one  and  one 
half  hours ;  and  ungerminated  peas  or  beans,  eight  ounces,  boiled  for  three  hours. 
For  the  purpose  of  the  test,  to  this  common  diet  there  was  added  to  that  of 
group  A  the  juice  squeezed  from  four  ounces  of  fresh  lemon;  to  group  B  eight 
ounces  of  germinated  peas  lightly  boiled  instead  of  the  same  quantity  of  un- 
germinated peas;  group  C  eight  ounces  of  germinated  instead  of  ungerminated 
beans;  group  D  ten  ounces  of  fresh  underdone  meat  instead  of  well  frozen  meat; 
group  E  eight  ounces  of  tinned  fruit ;  group  F  two  pints  of  unboiled  soured 
milk,  replacing  the  well-boiled  milk  of  the  other  groups. 

After  six  weeks  well  marked  improvement  occurred  in  all  six  groups. 
Judged  by  the  general  well  being  and  more  precisely  by  the  increase  that  had 
occurred  in  body  weight  the  groups  improved  as  follows:  Group  F  (soured 
milk)  showed  most  marked  improvement,  ha\'ing  added  over  fourteen  per  cent 
to  the  original  body  weight;  group  D  (fresh  meat)  and  group  A  (lemon  juice) 
came  next  with  an  addition  of  between  ten  and  eleven  per  cent;  group  B  (ger- 
minated peas)  seven  per  cent,  and  groups  E  (tinned  fruit)  and  C  (germinated 
beans)  from  six  to  seven  per  cent.  The  germinated  beans  had  a  tendency  to 
cause  diarrhea. 

The  local  lesions  in  the  mouth  were  washed  with  alum  water  or  hydrogen 
peroxide,  while  the  gums  were  painted  with  salicylate  of  soda  dissolved  in  al- 
cohol or  with  tincture  of  iodin.  In  order  to  hasten  the  absorption  of  the  hemor- 
rhages the  areas  were  painted  with  tincture  of  iodin;  then  applications  of  hot 
water,  combined  with  massage,  were  used.  The  contractures  of  the  limbs  re- 
quired prolonged  treatment  by  massage  with  oil  inunction.  Such  tonics  as  iron, 
arsenic,  and  strychnin  were  found  to  be  unnecessary.  It  will  be  seen  from  this 
that  cases  of  scurvy  recover  with  great  rapidity  with  proper  diet  and  under 
favorable  circumstances.  In  the  majority  of  instances  the  patients  were  normal 
practically  within  a  month,  with  the  exception  that  all  the  hemorrhages  had  not 
been  absorbed  antj  the  coiilractin-es  had  nut  lieen  relie\ed. 

— F.  C.  V. 


The  Effects  of  Deficient  Dielaries  on  Monkeys 

McCARRISON'-  at  Cooncjor,  India,  captured  a  lot  of  monkeys  from  the  local 
jungles,  divided  them  into  groups  and  placed  tlicni  on  diiTerent  diets,  with 
the  following  results : 

(1)  An  exclusive  diet  of  auloclaved  rice — that  is  to  say,  one  deficient  in 
suitable  protein,  in  fat,  in  accessory  food  factors  of  all  three  classes,  and  ex- 
cessively rich  in  starch.  Ten  monkeys  were  fed  to  the  ])()int  of  death  on  this 
diet. 

(2)  A  diet  of  autoclaved  rice  and  butter — that  is  to  say,  one  deficient  in 
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suitable  protein,  in  accessory  food  factors  of  the  B  and  C  classes  and  excessively 
rich  in  starch  as  well  as  fat.  Four  monkeys  were  fed  on  this  diet  to  the  point  of 
death. 

(3)  A  diet  of  autoclaved  food — rice,  wheatcn  bread,  milk  and  ground  nuts — 
to  which  a  small  ration  of  fresh  onion  was  added ;  that  is  to  say,  a  diet  deficient 
in  accessory  food  factors  of  the  A  and  B  classes.  Six  monkeys  were  fed  to  the 
point  of  death  on  this  diet. 

(4)  A  diet  of  autoclaved  food — rice,  wheaten  bread,  milk  and  ground  nuts 
— to  which  fresh  onion  and  fresh  butter  were  added;  that  is  to  say,  a  diet  defi- 
cient only  in  accessory  food  factors  of  the  B  class  and  excessively  rich  in  fats. 
Five  monkeys  were  fed  chiefly  on  this  diet  to  the  point  of  death. 

(5)  Nine  monkeys  fed  on  wheaten  bread,  plantains,  milk,  fresh  onions  and 
ground  nuts,  acted  as  controls. 

It  is  worthy  of  note  that  the  animals  which  received  rice  plus  butter  lost 
weight  faster  and  died  quicker  than  those  that  received  rice  only.  One  of  the 
most  interesting  points  brought  out  in  this  investigation  is  that  those  animals 
kept  on  a  deficient  diet  developed  dysentery.  For  a  day  or  two  the  stools  were 
diarrheal  and  then  they  became  dysenteric,  being  followed  with  mucus  streaked 
with  blood.  Finally,  in  many  animals  for  a  time  the  stools  consisted  solely  of 
blood  and  mucus.  In  two  cases  the  dysentery  wa-  not  preceded  by  diarrhea.  As 
a  rule,  the  animals  survived  the  onset  of  the  dysentery  for  only  a  few  days,  from 
four  to  seven.  The  symptoms  were  those  of  amebic  d}'sentery  and  amebae  were 
found  in  the  stools.  In  order  to  determine  whether  these  monkeys  were  carriers 
of  amebae,  before  the  experiment  was  begun  the  feces  of  eight  healthy  animals 
were  examined  and  a  few  amebae  were  found  in  only  one  of  these.  During  the 
greater  part  of  the  experiment  the  control  monkeys  remained  free  from  gastro- 
intestinal disturbances  of  any  kind.  Towards  the  close,  however,  seven  developed 
jaundice  thought  to  be  due  to  a  too  generous  provision  of  monkey-nuts  with  lack 
of  exercise.  Under  a  more  meager  diet  of  bread  and  milk  to  which  a  pinch  of 
Epsom  salts  was  added  after  a  few  days  the  jaundice  cleared  up.  In  no  control 
monkey  did  either  diarrhea  or  dysentery  occur.  This  is  a  matter  of  great  im- 
portance. One  w^ould  conclude  from  these  investigations  that  in  many  instances 
yt  least,  there  are  two  factors  in  the  causation  of  amebic  dysentery.  One  is  the 
parasite  and  the  other  is  the  food.  The  author  calls  attention  to  the  fact  that  it 
IS  a  common  practice,  especially  in  India,  for  people,  either  through  the  physi- 
cian's advice  or  on  their  Own  initiative,  to  confine  themselves  to  bread  and  butter 
and  milk  puddings  when  they  have  any  form  of  dysentery.     The  author  states : 

"It  is  my  experience  in  India  that  the  dietetic  historj'  of  European  sufferers 
from  chronic  colitis,  and  all  those  suffering  from  chronic  gastrointestinal  dis- 
order, commonly  reveals  the  fact  that  their  food  does  not  contain  the  requisite 
proteins  or  the  due  proportion  of  starch,  fats,  salts,  water,  and  vitamines.  This 
one  cannot  'digest'  vegetables,  fruit,  or  meat,  or  'never  touches  them  in  India;' 
that  one  can  'carr>'  on  only  on  farinaceous  food.'  Thus  the  form  of  diet  they 
commonly  adopt  is  often  that  most  calculated  to  promote  the  very  disorder  from 
which  they  seek  relief.  These  experiments  show  that  the  cardinal  effects  of  de- 
ficient and  ill-balanced  dietaries  in  monkeys  are  gastrointestinal  disorder,  dilata- 
tion of  the  stomach,  gastritis,  and  colitis.    They  are  likely  to  be  the  same  in  man. 
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It  did  not  surprise  me,  therefore,  to  find  that  a  patient  who  consulted  me  recently, 
and  who  for  ten  years  had  subsisted  mainly  on  milk  puddings,  had  a  dilated 
stomach,  air  locks  in  the  small  bowel  which  caused  her  great  discomfort,  delay 
in  the  passage  of  the  intestinal  contents,  colitis,  tenderness  in  the  caecal  region, 
and  an  inefficient  pancreas  with  glycosuria.  The  results  of  these  experiments 
have  helped  me  to  vizualize  the  changes  which  are  likely  to  be  occurring  in  the 
gastrointestinal  tract  in  such  a  chronic  invalid.  I  desire,  therefore,  to  emphasize 
the  importance  in  practice  of  a  study  of  the  dietetic  history  in  such  cases,  believ- 
ing as  I  now  do  that  bacterial  agencies  are  often  but  weeds  which  flourish  in  soil 
made  ready  for  them  by  dietetic  defects,  and  believing  also  that  in  the  fuller 
comprehension  of  the  science  of  dietetics  we  shall  understand  more  perfectly  the 
beginning  of  disease  and  its  therapy." 

Postmortem  examination  showed  practically  all  the  lesions  characteristic  of 
acute  amebic  dysenteiy.  There  were  found  congestion  and  inflammation  of  the 
mucous  membrane  of  small  intestines,  with  frequent  subserous  ecchymoses. 
Necrotic  changes  in  the  mucous  membrane  of  the  stomach  were  found  and 
ecchymoses  were  frequently  present  at  its  pyloric  end.  In  one  case  an  ulcer 
was  found  at  the  pylorus.  There  were  areas  of  congestion,  more  or  less  marked 
throughout  the  small  intestine.  In  the  large  intestine  there  was  marked  in- 
flammatory change,  sometimes  extending  throughout  the  length  of  the  large  bowel, 
but  more  marked  in  the  lower  six  inches.  In  rare  instances  the  colitis  was  lim- 
ited to  areas  of  the  transverse  colon.  In  these  areas  there  was  pronounced 
ballooning  of  the  intestinal  walls. 

—V.  C.  V. 


From  the  American  Society  for  the  Control  of  Cancer,  New  York  City 

FOLLOWING  is  a  statement  made  by  Dr.  Ilarvoy  R.  Gaylord,  one  of  the 
Directors  of  this  Society  and  Director  of  the  State  Institute  for  the  Study 
of  Malignant  Disease,  Buffalo,  New  York : 

"The  people  of  the  State  of  New  York  will  want  to  receive  a  statement  on 
the  stewardship  of  the  purchase  of  2i/4  grams  of  radium,  for  which  $225,000 
was  appropriated  by  the  State,  and  announcement  of  which  was  made  by 
Governor  Smith  a  few  days  ago. 

"I  am  very  glad  to  take  this  opportunity  both  in  the  name  of  the  Institute 
for  the  Study  of  Malignant  Disease,  the  State  and  the  American  Society  for 
the  Control  of  Cancer  which  supported  this  purchase  to  say  these  words: 

"The  experiment  in  state  ownership  of  a  therapeutic  agent,  as  exemplitied 
in  the  purchase  of  this  radium  for  social  utility  will  have  a  far  reaching  effect. 
This  is  a  development  of  state  medicine  to  which  no  one  can  object  and  Governor 
Smith  deserves  the  thanks  of  the  State  for  what  he  did. 

"Any  citizen  of  the  United  States  may  avail  himself  gratuitously  after 
October  15th  of  treatment  with  the  2Vi  grams  valued  at  $225,000,  recently 
purchased  by  New  York  State,  and  the  first  gram  of  which  was  delivered  by  the 
Radio  Chemical  Corporation  of  New  York  last  week.  Preference,  however,  will 
be  given  to  citizens  of  New  York  State. 
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"The  first  gram  is  now  in  the  vaults  of  the  Institute  at  BufTah)  and  the 
appliances  necessary  for  its  use  in  the  treatment  of  cancer  are  now  in  course 
of  construction.  The  engagement  of  a  competent  physicist  to  work  with  this 
radium  is  also  announced.  The  radium  we  are  using  is  an  American  product, 
mined  in  Colorado,  brought  2900  miles  across  the  continent  in  the  form  of  12.5 
tons  of  caruotite  ore  to  the  extraction  plant  at  Orange,  N.  J.,  where  it  was 
reduced  by  fractional  crystallization  to  its  present  state. 

"The  first  purchase  of  radium  by  any  State  marks  a  step  in  the  health 
activities  of  an  American  Commonwealth.  Up  to  the  present  we  have  had  no 
therapeutic  agents  so  expensive  that  they  could  not  be  afforded  by  the  average 
practitioner.  In  the  case  of  radium  that  condition  arises.  The  unit  for  efficient 
use  costs  not  less  than  $12,000  and  represents  100  mgs.  A  gram  is  worth 
$120,000.  The  greater  the  quantity  in  an  installation  the  more  efficient  it  is, 
and  the  less  it  costs  per  treatment.  New  York  State  has  met  this  condition  by 
purchasing  an  amount  available  for  all  its  citizens. 

The  value  of  radium  has  already  arrived  at  a  stage  where  states,  and  if 
necessary  the  government,  should  make  radium  available  for  cancer  treatment 
gratuitously  and  beyond  the  realm  of  financial  limitations.  The  advent  of 
radium  as  a  therapeutic  measure  is  the  most  important  forward  step  in  the 
treatment  of  cancer. 

"It  is  not  surprising  that  when  radium  first  made  its  appearance  over- 
optimistic  claims  for  its  use  and  hope  of  its  utility  should  have  occurred.  But 
that  time  is  now  past.  Kadium  has  been  made  available  in  smaller  and  larger 
amounts  to  all  of  the  important  centers  of  cancer  research  iu  this  country,  with 
the  result  that  not  alone  has  new  knowledge  of  this  agent  been  greatly  advanced 
but  the  technic  of  its  use,  as  well  as  its  limitations,  have  been  more  definitely 
defined.  The  last  six  years  have  marked  steady  progress  in  its  application,  and 
means  of  more  scientifically  and  more  efficaciously  employing  it  have  been  de- 
veloped. 

"The  State  Institute,  as  a  result  of  carefully  controlled  scientific  experi- 
ment in  its  hospital,  felt  that  the  time  had  come  when  the  State  of  New  York 
should  logically  provide  an  adequate  amount  of  radium  for  the  Institute  on  the 
basis  that  its  value  is  so  definitely  demonstrated  that  it  should  be  made  available 
without  cost  to  the  citizens  of  the  State  and  that  the  opportunities  for  research 
should  now  be  extended  along  practical  lines.  The  State  Institute  has  hiad 
since  1914  an  amount  of  radium  sufficient  for  scientific  study.  Private  philan- 
thropy has  given  the  Memorial  Hospital  in  New  York  City  a  large  amount  of 
radium  for  scientific  investigation  and  practical  application  for  the  past  four 
year.s.  The  Cancer  Research  Commission  of  Harvard  University  has  also  had  an 
adequate  working  supply.  The  advances  made  in  these  and  other  quarters  has 
steadily  strengthened  the  confidence  in  the  use  of  this  agent  and  all  of  these  cen- 
ters are  now  seeking  means  to  increase  their  supply. 

"The  State  of  New  York  which  in  1898  took  the  lead  by  founding  the 
first  modern  State  Cancer  Research  Institute  in  this  country  should  properly  be 
made  the  first  state  to  appropriate  the  necessary  funds  for  the  purchase  of  a 
sufficient  amount  of  radium  for  the  use  of  its  citizens,  having  available  for 
this  purpose  a  center  of  cancer  knowledge  and  fully  equipped  scientific  re- 
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search  laboratories  where  its  use  can  be  made  immediately  effective,  and 
from  which  scientific  progress  can  be  confidently  anticiijated. 

"The  usefulness  of  radium  in  the  treatment  of  neoplasms  is  still  in  its 
infancy,  but  there  are  already  certain  kinds  of  cancer  in  which  its  use  offers 
advantages  and  the  results  obtained  are  an  improvement  upon  any  means  we 
have  heretofore  possessed.  It  must,  however,  be  remembered  that  our  main 
reliance  in  the  treatment  of  cancer  is  surgery,  but  radium  in  combination 
with  surgery,  frequently  greatly  improves  the  prospective  cure. 

"The  scientific  development  of  the  last  two  years  in  the  use  of  radium, 
largely  through  the  Avork  of  Professor  William  Duane  of  Harvard  University, 
made  available  a  means  of  using  radium  which  has  immensely  strengthened 
its  usefulness.  This  method  is  the  use  of  the  emanation  of  radium  in  place  of 
the  application  of  radium  itself.  Tliis  method  is  only  available  when  you 
have  at  least  one  gram. 

"Cancer  today  is  one  of  the  most  important  diseases  in  the  United  States. 
It  increases  25  per  cent  every  ten  years.  In  the  United  States  90,000  deaths 
occur  yearly  from  it,  being  of  equal  importance  to  tuberculosis.  In  New  York 
State  about  8000  deaths  occur  yearly. 

"The  purchase  of  the  radium  has  other  significance  than  merely  its  use 
for  the  treatment  of  cancer.  It  gives  an  opportunity  for  research  and  its  use 
under  scientific  conditions  is  sure  to  increase  our  knowledge  of  cancer.  While 
surgery  still  remains  our  main  reliance  in  the  fight  against  cancer  we  can 
only  hope  greatly  to  improve  the  results  of  surgery  by  bringing  the  patient 
to  siu-gical  treatment  at  the  earliest  possible  moment.  This  can  only  be  ac- 
complished by  the  diffusion  of  knowledge  among  the  laity  of  the  first  be- 
ginnings of  caueer.  It  is  with  such  work  as  this,  that  the  Society  for  the 
Control  of  Cancer  has  particvilarly  charged  itself.  It  is  felt  by  the  Society 
that  the  advent  of  an  alternative  will  overcome  the  reluctance  of  many  cases 
to  present  themselves  to  their  physicians.  The  Society  represents  900  physi- 
cians and  laymen  and  looks  with  great  interest  at  the  purchase  and  congratu- 
lates New  York  upon  the  step  it  has  taken. 

"The  purchase  of  this  radium  by  an  American  Commonwealth  from  an 
American  Company  which  has  mined  its  ore  in  the  State  of  Colorado,  will 
bring  still  further  to  the  fore  the  preeminence  of  America  in  the  treatment 
of  cancer.  Buffalo  will  become  a  radium  center.  While  Europe,  through 
Madam  Curie,  first  made  the  precious  element  known  to  the  world,  the  United 
States  has  developed  both  the  ore,  its  extraction  and  its  use  as  a  therapeutic 
agent.  It  is  today  in  the  forefront  of  treatment  of  cancer.  This  purchase 
may  have  a  tremendous  effect  upon  further  progress  in  this  direction." 
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I.  introductory 

THAT  a  state  of  confusiou  exists  as  to  the  etiology  of  the  acute  infiammatious 
of  the  upper  respiratory  tract  is  evident  upou  casual  excursion  into  the 
literature.  A  more  patient  search,  however,  reveals  certain  material,  notably  in 
the  form  of  recent  laboratory  -work,  from  which  definite  conclusions  can  be 
drawn,  and  in  whose  light  the  discussions  of  the  "common  cold"  in  the  current 
texts  is  clearly  seen  to  be  obsolete.  The  present  paper  is  concerned  with  the 
etiology  of  the  acute  inflammations  of  the  nose,  pharynx,  and  fauces,  particu- 
larly with  reference  to  recent  laboratory  inquiries.  The  question  of  the  excita- 
tion of  sporadic  infections  by  exposure  of  the  body  surface  to  cold  is  dwelt  upon 
in  considerable  detail— much  more  at  length  than  its  relative  importance  de- 
serves, indeed— simply  because  the  newer  data  here  presented  is  the  contribution 
of  the  present  authors. 

Since  the  early  days  of  bacteriology,  attempt  has  been  made  by  the  several 
proponents  and  opponents  of  the  infectious  theory  to  refer  the  "common  cold" 
on  the  one  hand  to  the  action  of  a  specific  microorganism,  and  on  the  other  to 
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various  environmental  and  constitutional  causes,  such  as  exposure  to  changes  of 
temperature,  the  "lithemie  diathesis,"  and  what  not.  Although  perhaps  laudable 
as  philosophic  ideals,  such  efforts  to  explain  the  many  phenomena  involved  by  a 
single  cause  are  less  deserving  scientifically,  and  have  met  with  just  failure.  The 
"common  cold"  is,  as  a  matter  of  fact,  in  most  instances  the  result  of  a  local 
infection,  but  there  are  many  types  of  "cold"  and  many  infectious  agents 
responsible  for  them ;  and  the  effect  of  various  constitutional  and  environmental 
factors  in  determining  infection  is  often  of  great  importance.  Furthermore 
there  are  many  acute  inflammations  of  the  upper  respiratory  tract  not  prima- 
rily due  to  the  local  action  of  microorganisms,  but  rather  the  local  expression  of 
chemical  or  mechanical  irritation,  of  thermal  trauma,  of  nervous  reflexes,  of  drug 
intoxications,  of  constitutional  disease,  or  of  anaphylaxis. 

II.      BACTERIOLOGY   OP    THE    COMMON    COLD 

The  studies  of  a  number  of  investigators  have  shown  tliat,  although  the 
entrance  of  the  nose  is  swarming  with  bacteria,  the  flora  of  the  nasal  cavities 
proper  in  health  is  kept  exceedingly  sparse  by  the  action  of  the  ciliated  epithe- 
lium, the  trickling  of  the  lacrimal  and  mucous  secretions,  the  inhibitory  action  of 
the  mucus,  and  by  phagocytosis.  (Thomson,  1913,  p.  7.)  The  folds  of  the  phar- 
yngeal mucosa  and  especially  the  crypts  of  the  tonsils  are,  on  the  other  hand, 
known  to  maintain  even  in  health  an  abundant  flora,  including  often  potentially 
pathogenic  organisms  (e.g.,  see  Davis,  1920).  Bacteriologic  studies  of  the  nose  and 
throat  in  the  course  of  acute  "colds"  have  usually  shown  the  presence  of  micro- 
organisms in  unwontedly  large  numbers,  often  with  one  form  .so  predominating 
as  to  suggest  for  it  an  etiologic  relationship  with  the  cold.  In  a  number  of  in- 
stances immunologic  and  inoculation  data  have  supported  the  bacteriologic 
evidence  and  would  seem  to  warrant  assumption  of  a  causal  relationship  between 
the  bacteria  and  the  colds  in  question. 

In  1873  Hiiter  described  a  micrococcus  as  a  cause  of  coryza  (cited  by 
Benham,  1906). 

Hajek  (1888)  described  a  large  diplococcus,  the  Diplocoecus  corijciv,  in  the 
earh-  stages  of  acute  colds.  He  advances  no  other  evidence  in  support  of  his 
bacteriologic  findings,  however.  Certainly  in  the  light  of  recent  experience  with 
influenza,  the  mere  presence  of  bacteria  in  large  numbers  during  an  inflammation 
cannot  be  regarded  as  valid  ground  for  considering  them  its  cause.  (For  a  dis- 
cussion of  bacteriologic  methods  in  estimating  the  rehitionship  of  microorganisms 
to  respiratory  disease,  .see  Allen,  1913.) 

Paulsen  (1890),  examining  twenty-four  cases  of  cold  of  diverse  clinical 
types,  some  with  history  of  exposure  to  other  persons  with  colds,  and  others  fol- 
lowing exposure  to  cliilllug,  found  vai'inus  cocci  and  bacilli  as  the  iiredominating 
organisms. 

Cautley  (1894-95)  found  an  aerobic  diphtheroid  bacillus,  oval,  with  a 
tendency  to  polar  segregation  of  the  protoplasm,  in  seven  of  eight  cases  of 
acute  cold  of  various  types.  The  infection  started  in  trachea,  pharynx  or  nose. 
Cautley,  believing  the  organism  responsible  for  coryza,  called  it  B.  coryz(e 
segmentosus.  Gordon  (quoted  by  Benham,  1906)  found  Cautley 's  bacillus  in 
all  of  seven  cases  of  cold.     Gordon  injected  two  guinea  pigs  with  the  organism 
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and  noticed  they  were  sick  a  few  days,  but  recovered.  R.  Prosser  White  (quoted 
by  Benham,  1906)  found  Cautley's  bacillus  in  seventeen  of  twentj-one  cases. 
Inoculation  experiments  upon  the  noses  and  genital  tracts  of  guinea  pigs,  rab- 
bits and  monkeys  were  negative. 

Benham  (1906)  found  a  diphtheroid  organism  he  regards  as  identical  with 
Cautlej-'s  bacillus  in  twenty  of  twenty-one  cases  of  cold.  Micrococcus  catarrh- 
alis  was  also  present  in  many  cases.  He  concludes  "in  view  of  the  fact  that  nasal 
discharge  was  not  a  prominent  feature  of  my  series  of  cases,  it  seems  likely  that 
the  diphtheroid  organisms  are  rather  a  cause  of  a  painful  sore  throat  with  head- 
ache, malaise  and  muscular  pains,  irritable  cough  and  scanty  viscid  expectora- 
tion. Wliether  they  cause  coryza — a  cold  in  the  head — is  at  least  open  to  ques- 
tion, especially  in  view  of  the  presence  of  M.  eatarrhalis  in  nearly  half  my 
cases."  Benham  therefore  gives  Cautley's  B.  coryzfe  segmentosus  the  less 
committal  name  of  Bacillus  septus. 

Micrococcus  eatarrhalis  was  found  by  R.  Pfeiffer  (quoted  by  Neisser  in 
Kolle  and  "Wassermann's  "Pathogeneu  Mikro6rgani.smen,"  1913)  in  enormous 
numbers  in  the  sputum  of  an  epidemic  of  mildly  febrile  cases  of  brouchitis. 
Gohn  and  H.  Pfeiffer  (1902)  found  this  diplococcus  in  eighty-one  of  one  hun- 
dred forty  cases  of  respiratory  tract  infection.  They  regarded  it  as  a  sapro- 
phyte which  can  under  appropriate  circumstances  give  rise  to  acute  or  subacute 
infection.  Bezancon  and  de  Jong  (1905)  found  this  organism  very  frequently 
in  an  influenza-like  epidemic  in  Paris.  Along  with  M.  eatarrhalis  they  found 
Micrococcus  paratetrageniis,  pneumococcus,  Friedlander 's  bacillus,  staphylo- 
coccus, streptococcus  and  diphtheroids.  Dunn  and  Gordon  (1905)  believed  the 
Micrococcus  eatarrhalis  to  be  the  chief  organism  in  a  severe  epidemic  in  Hert- 
fordshire with  clinical  manifestations  in  different  cases  simulating  cerebrospinal 
fever,  influenza  and  scarlatina.  Allen  (1906)  made  claim  to  have  isolated  ]\I. 
eatarrhalis  with  ease  from  each  case  examined  in  a  severe  local  epidemic  of 
colds  in  England. 

Neumann,  (1902)  as  a  result  of  a  considerably  more  extensive  and  thorough 
bacteriologie  study  than  the  foregoing,  concluded  that  virulent  (liphtheria 
hacilli  and  the  pneumococcus  at  least,  perhaps  other  organisms,  could  produce 
the  ordinary  cold. 

He  summarises  as  follows  the  results  of  his  study  of  the  flora  of  the  noses 
of  111  normal  persons  and  of  95  suffering  from  nasal  affections  of  various  sorts: 

"The  total  number  of  bacterial  species  found  was  19.  Nerertheless  in  most  eases  there 
are  relatively  few  different  species  found  present  together.  Most  frequently  are  found 
diphtheroid  baciUi  and  white  micrococci.  Less  frequently  orange,  gray  and  yellow  mieroeocci, 
pneumoeocei,  streptococci,  Friedlander 's  bacilli,  diphtheria  bacilli,  isolated  colon  bacilli,  yeast, 
irolds,  mixed  bacilli,  sarcin»  and  still  a  few  other  organisms. 

"Micrococcus  pyogenes  albus  is  present  in  86  to  90  per  cent,  diphtheroids  in  98  per  cent 
of  the  eases,  so  that  one  can  justly  assert  that  the  latter  occur  in  every  sound  and  pathological 
nose.  The  more  delicate  form  (B.  xerosis)  is  much  more  frequent  than  the  more  luxuriantly 
growing  form   (Hoffman's  bacillus.) 

"In  colds  the  pathogenic  organisms,  pneumococcus,  Friedlander 's  bacillus,  streptococcus 
pyogenes  and  diphtheria  bacillus  are  more  prominent  than  in  nomial  noses. 

"The  diphtheroid  bacillus  is  not  virulent.  Seventy-eight  strains  cultivated  from  dif- 
ferent noses  in  no  case  killed  guinea  pigs.     In  a  few  cases  only  weak  infiltrations  appeared  at 


178  THE    JOURNAL    OF    LABORATORY    AND    CI>INICAL    MEDICINE 

the  site  of  injection.  The  organism  cannot  be  brought  into  relationship  with  the  origination 
of  the  cold  and  is  only  to  be  considered  as  a  hamiless  saproiihyte. 

"Certainly  it  is  demonstrated  that  virulent  diphtheroid  bacilli  and  FrUnkel's  jmeu- 
moeoecus  can  cause  the  clinical  picture  of  the  common  cold.  Whether  and  in  what  way  other 
pathogenic  germs  are  concerned  in  it,  is  still  to  be  answered. 

"A  specific  cause  of  tlie  cold  has  not  been  found  in  the  investigations." 

Claims  for  the  Bacillus  of  Friedl'dnder  as  a  cause  of  "cold"  are  advanced, 
with  immunologic  support,  by  Allen  (1906).  Allen  asserts  that  in  each  of  two 
epidemics  of  a  severely  infective  character  in  every  case  examined  within  the 
first  24  hours,  and  in  some  later,  the  bacillus  was  found.  "It  was  of  a  very 
virulent  stamp,  being  pathogenic  not  only  for  mice  and  guinea  pigs  but  even  for 
rabbits;  it  also  clotted  milk  and  fermented  broth  with  ease." 

Claims  for  an  etiologic  relationship  are  based  upon  the  following  state- 
ments, which,  if  true,  would  seem  to  establish  the  point : 

"The  appearance  of  the  bacilli  in  the  nasal  passages  of  the  people  affected  synchronized 
with  the  onset  of  the  attack. 

' '  The  organism  and  colds  disappeared  together. 

"The  opsonic  index  of  the  patient's  blood,  whieli  was  particularly  studied  to  the  bacillus 
of  Friedlander  was  affected  by  a  cold  precisely  in  the  way  that  would  be  expected  in  the  case 
of  an  infection  by  that  organism,  that  is  it  rose  steadily  to  a  maximum,  remained  there  for 
some  time,  then  steadily  fell  to  about  unity  during  a  period  of  perfect  freedom  from  cold. 
Second  and  third  attacks  had  precisely  similar  results. 

"The  appearance  in  the  house  of  a  person  whose  nasal  passages  were  known  to  be  in- 
fected by  the  bacillus  of  Friedlander  sufficed  to  start  an  epidemic  of  colds  on  several  occa- 
sions; and  from  the  noses  of  such  as  were  examined,  the  bacillus  of  Friedlander  was  also 
isolated. ' ' 

Work  somewhat  more  convincing  than  any  of  the  foregoing  has  been 
reported  by  Tunnicliff  (1913,  1915)  and  Howell  (1915).  The  organism  is  an 
anaerobic  curved  bacillus.    B.  rhinitis,  Tunnicliff. 

Miss  Tunnicliff,  working  in  Chicago,  found  her  bacillus  present  in  6  per 
cent  of  some  86  normal  noses  examined,  in  98  per  cent  of  82  cases  of  acute 
coryza,  and  in  90  per  cent  of  twenty  odd  cases  of  chronic  rhinitis  with  mucoid 
discharge. 

A  slight  rhinitis  was  produced  three  times  in  human  subjects  by  swabbing 
a  nose  free  from  B.  rhinitis  with  a  pure  culture.  The  infection  began  from  6 
to  8  hours  after  the  inoculation  and  lasted  about  48  hours.  The  organisms  were 
present  in  fairly  large  numbers  in  the  nose  and  pharynx  (in  the  cases  with 
pharyngitis)  18  hours  after  the  inoculation,  and  persisted  for  three  days  in  two 
of  the  cases.  Cultures  were  made  twice,  and  the  organisms  isolated  in  pure 
culture  both  times.  The  opsonic  index  was  taken  during  two  of  the  infections. 
Both  times  it  fell  below  normal,  rising  higli  aliovc  normal  as  the  infection  dis- 
appeared. 

Vaccination  of  two  patients  with  B.  rhinitis  produced  a  primary  depression 
of  tlie  opsonic  index  followed  by  a  rise  above  normal. 

Miss  Howell  found  that,  using  B.  rhinitis  as  antigen,  fixation  of  comple- 
ment is  obtained  with  the  sera  of  persons  with  acute  rhinitis  and  of  persons 
injected  with  the  bacillus  after  it  is  killed  by  heat.  The  fixation  is  most  marked 
a  few  days  after  the  onset  of  the  infection  and  lasts  only  a  short  time.     Sera 
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of  normal  persons  and  of  patients  with  various  infectious  diseases  do  not  give 
complement  fixation  with  the  Bacillus  rhinitis. 

It  is  difficult  to  escape  the  conclusion  that  B.  rhinitis  was  causally  related 
to  these  cases  of  acute  coryza  about  Chicago. 

That  streptococci  may  be  responsible  for  infectious  of  the  nose,  and  more 
especially  the  pharynx  and  tonsils,  has  been  shown  by  many  authors  (vide 
Lingelsheim  1912,  and  Barnes,  1914,  p.  67). 

Mathers  (1917)  made  a  careful  bacteriologie  study,  using  aerobic,  anaerobic 
and  filtration  methods,  of  an  epidemic  of  acute  respiratoiy  infection  in  Chicago, 
which  resembled  the  influenza  of  1889-92.  He  concluded  that  a  virulent  hem- 
olj'tie  streptococcus  was  the  probable  cause. 

Floyd  (1920),  as  a  result  of  bacteriologie  study  and  vaccine  therapy  of 
the  winter  colds  occurring  in  and  around  Boston,  concluded  that  in  acute  rhinitis 
the  organism  commonly  found  belongs  to  the  staphylococcus  group,  and  that 
somewhat  less  frequently  the  hemolytic  streptococcus  has  appeared.  In  aciite 
pharyngitis  "almost  invariably  the  initial  infection  is  produced  bj-  the  member 
of  the  streptococciis  group." 

Pneumococcus  has  also  frequently  been  recognized  as  concerned  with  in- 
fections of  the  upper  respiratory  tract,  (v.  Ab'^l,  1892,  Neufeld  u.  Handel, 
1912;  Floyd,  1920.) 

Discussion  of  B.  influenza  has  pufposely  been  left  out  of  this  paper.  Under 
this  caption,  however,  may  be  quoted  the  conclusions  of  E.  W.  Allen  (1913) 
based  upon  some  ten  years  of  bacteriologie  study  of  the  respiratory  diseases,  in 
England. 

"To  summarize,"  he  writes,  "it  would  appear  that  any  of  the  seven  organisms,  B. 
influenza?,  pneumoeoeeus,  streptococcus,  M.  eatarrhalis,  II.  paratetragenus,  B.  septus,  and 
bacillus  of  Friedlander,  alone  or  in  varying  combinations,  may  be  responsible  for  a  catarrhal 
condition  of  the  upper  respiratory  passages.  In  perhaps  40  per  cent  of  cases  one  organism 
so  predominates  as  to  justify  the  conclusion  that  it  is  the  cause  of  the  attack;  more  often 
two  or  more  organisms  are  associated  together,  the  B.  influenzaJ  ivith  the  pneumococcus  or 
M.  paratetragenus,  the  B.  septus  ivith  the  M.  eatarrhalis  or  M.  paratetragenus,  so  that  it 
becomes  very  difficult  to  decide  which  organisms  stand  in  a  directly  causal  relatiousliip  to 
the  attack.    My  own  belief  is  that  raLxed  infections  from  the  beginning  axe  fairly  common. 

"In  uncomplicated  purulent  nasal  catarrh  the  streptococcus  is  the  most  frequent  cause, 
next  to  it  the  Staphylococcus  aureus.  When  sinus  complications  coexist,  the  B.  influenza?  and 
pneumococcus  are  by  far  the  most  frequent  bacteria  concerned." 

Blake  and  Cecil  (1920)  have  also  recently  reported  successful  infection  of 
monkeys  with  B.  influenzse  introduced  both  into  the  nose  and  intratracheally. 

Although  any  attempt  at  adequate  discussion  of  the  etiology  of  epidemic 
influenza  is  outside  the  scope  of  the  present  paper,  its  virus  must  be  included 
among  those  capable  of  giving  rise  to  acute  inflammation  of  the  upper  respir- 
atory tract.  We  would  express  our  own  opinion,  too,  that  the  attributes  of  a 
specific,  labile,  and  elusive  virus,  to  which  so  many  converging  lines  of  evi- 
dence have  pointed,  are  extraordinarily  well  filled  by  the  filterable  virus 
Avhich  has  been  the  object  of  the  past  two  years  of  careful  study  by  Olitsky 
and  Gates  at  the  Rockefeller  Institute  (Olitsky  and  Gates.  1920).  The  results 
of  these  studies  will  be  further  presented  by  these  authors  in  the  February 
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aud  March,  1921,  numbers  of  the  Journal  of  Experimental  ]\Iedicine.  For 
a  bibliography  and  brief  review  of  "The  Epidemiology  and  Etiology  of  In- 
fluenza" reference  is  made  to  A.  J.  McLaughlin  (1920). 

A  filterable  virus  seems  without  question  to  be  the  causative  agent  in  the 
coryza  of  one  fairly  well  defined  type.  Kruse  (1914)  diluted  the  secretion  from 
the  nose  of  an  assistant  with  coryza,  passed  it  through  a  small  Berkefeld  filter, 
and  dropped  a  few  drops  of  the  filtrate  on  the  nasal  mucosa  of  each  of  twelve 
men.  Four  of  them  developed  colds  in  from  one  to  four  days.  In  a  second 
experiment  42  per  cent  of  thirty-six  subjects  so  inoculated  developed  coryza 
within  from  one  to  four  days.  Kruse  could  find  no  living  organisms  in  his 
filtrates  by  bacteriologic  methods. 

Foster  (1916)  in  repeating  and  extending  this  work,  passed  through  a 
small  Berkefeld  N  filter,  with  aseptic  precautions,  the  nasal  secretion  of  persons 
suffering  from  acute  colds.  This  filtrate  he  proved  to  be  free  from  ordinary 
bacteria  both  by  aerobic  and  anaerobic  methods.  From  three  to  six  drops  of 
the  filtrate  were  placed  in  each  nostril  of  each  of  ten  soldiers.  Nine  of  the  ten 
men  developed  the  usual  symptoms  of  acute  coryza  in  from  eight  to  thirty 
hours.  Inoculated  into  tubes  of  tissue  broth  or  tissue  ascitic  fluid  under  petro- 
latum, after  the  method  of  Noguchi  and  Flexner  with  rabies  and  poliomyelitis 
virus,  this  filtrate  produced  a  growth  which  could  be  subcultured  apparently 
indefinitely.  Specimens  of  these  subcultures  were  again  diluted,  passed  through 
a  Berkefeld  filter,  and  a  few  drops  allowed  to  run  into  the  noses  of  eleven  healthy 
soldiers,  every  one  of  whom  developed,  after  an  incubation  period  of  eight  to 
forty-eight  hours,  acute  colds.  Cultures  from  these  individuals'  nasal  secretions 
gave  the  same  appearance  as  the  original  cultures.  They  contained  an  abundant 
growth  of  a  pleomorphic  virus  varying  from  minute  globoid  bodies  to  coccoid 
forms  larger  than  staphylococci,  the  latter  apparently  in  some  instances  with 
small  globoid  buds.     (Foster  1917.) 

The  clinical  picture  described  by  Foster  both  for  his  original  patients  and 
for  the  subjects  of  the  inoculation  experiments  is  worth  giving  by  a  typical  case. 
The  patient  "complained  of  lassitude,  chilly  sensations,  sneezing,  unilateral 
nasal  stuffiness,  dull  frontal  headache  with  a  feeling  of  oppression  over  the  eyes, 
impairment  of  smell  and  moderate  aching  pain  in  the  extremities.  There  was 
the  usual  lacrimation,  a  copious,  thin,  mucoid  nasal  discharge  which  excoriated 
the  upper  lip  and  the  alaj  of  the  nose,  and  a  very  red,  moist,  swollen  and  boggy 
mucosa.     The  temperature  was  normal." 

The  contention  of  Professor  M.  J.  Kosenau,  in  whose  laboratory  Foster's 
work  was  done,  that  this  type  of  acute  coryza  deserves  to  be  considered  a  clinical 
entity,  would  appear  to  be  well  founded.  It  is  extremely  interesting  that  a 
symptom-complex  has  been  separated  on  purely  clinical  grounds  from  the  re- 
maining congeries  of  nose  and  throat  affections.  Coolidge  (1918,  p.  92)  writes: 
"But  there  is  one  form  of  'symptom-('(nui)lex'  so  common  and  constant  that  it 
might  well  be  classed  as  a  distinct  and  definite  disease,  and  it  is  to  this  disease 
that  the  word  'cold'  is  most  fi'e(iuently  a|)plied."'  His  description  of  it  closely 
corresponds  to  Foster's. 

A  survey  of  llic  lilerature  llien  would  seem  \t>  wai-rant  the  following  con- 
clusions : 
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1.  A  common  and  fairly  well  defined  clinical  entity,  an  acute  coryza,  exists, 
probably  with  the  filterable  virus  of  Kriise  and  Foster  as  its  causative  agent. 
This  affection  is  readily  communicable  and  probably  does  not  depend  to  any 
great  extent  upon  the  action  of  exciting  factors  in  depressing  the  resistance  of 
the  subject.  2.  A  heterogenous  group  of  pure  and  mixed  infectious  of  the  nose, 
pharynx  and  tonsils  exists  with  various  clinical  pictures — some  closely  approach- 
ing that  of  Foster,  others  mere  circumscribed  inflammations — and  with  any  one 
of  a  considerable  number  of  bacteria  capable,  under  appropriate  circumstances, 
of  acting  as  causative  agents. 

The  microorganisms  whose  etiologic  roles  seem  to  the  writer  to  be  best 
established  are  pneumocoecus,  streptococcus,  B.  diphtheria,  B.  rhinitis,  Fried- 
lander's  bacillus,  and  B.  influenzie.  Strong  baeteriologic  evidence,  unsupported, 
however,  so  far  as  the  writer  knows,  by  immunologic  or  experimental  data,  has 
been  advanced  for  M.  catarrhalis,  B.  septus,  il.  paratetragenus,  and  S.  aureus. 
The  possibility  that  still  other  organisms  may  be  primarily  or  secondarily  in- 
volved is,  of  ecjurse,  not  excluded.  Wide  variations  in  virulence  exist,  both 
between  different  organisms  and  probably  from  time  to  time  in  the  same  bac- 
terial strain  (see  Allen,  1913)  ;  some  organisms  are  doubtless  capable  of  causing 
infections  in  epidemic  proportions,  nearly  or  quite  independent  of  accessory 
exciting  factors;  others  may  exist  as  harmless  saprophytes  upon  the  mucous 
membranes,  causing  infection  onlj^  when  the  resistance  of  their  host,  local 
or  general,  is  lowered  by  some  exciting  factor. 

III.    EXCESSIVE   CHILLIXG   AS  AX   EXCITAXT   OF   IXFECTIOX 

It  is  not  the  purpose  of  the  present  dissertation  to  attempt  a  sifting  of  the 
large  amount  of  evidence,  collected  chiefly  by  ordinary  and  by  clinical  ob- 
servation, which  bears  upon  the  question  of  the  predisposing  and  exciting  fac- 
tors of  upper  respiratory  infections.  Suffice  it  to  say  that  anything  which 
lowers  resistance,  general  or  local,  may  disturb  the  equilibrium  between  host 
and  parasite  in  the  direction  of  exciting  infection.  The  present  section  of  this 
dissertation  will  concern  itself  with  one  particular  factor  only,  namely,  ex- 
posure to  cold. 

In  the  consideration  of  cold  as  an  excitant  of  mucous  membrane  infection 
the  issue  has  been  somewhat  confused  by  certain  other  effects  of  chilling.  One 
of  the  immediate  results  of  exposure,  for  instance,  may  be  a  transient  rhinorrhea 
having  no  necessary  relation  to  "catching  cold."  Again  a  very  slight  draft  of 
cool  air  may,  in  the  stage  of  onset  of  a  cold,  be  accompanied  by  a  feeling  of 
chilliness  or  even  a  rigor — this  is  obviously  an  effect  and  not,  as  it  is  sometimers 
wrongly  considered,  an  antecedent  of  the  infection. 

But,  in  addition,  it  would  seem  to  be  a  fact  attested  by  long  and  general 
experience  that  excessive  exposure  to  cold  may  be  an  actual  excitant  of  rhinitis, 
pharyngitis  or  tonsillitis.  Certainly  the  weight  of  authority  is  in  support  of 
this  thesis.  Of  the  laryngologic  texts,  the  following  recognize  chilling  as  an 
efficient  factor  in  exciting  infection:  Grayson  (1902),  Ballenger  (1908),  Coakley 
(1914),  Kyle  (1914),  Wright  .-d  Smith  (1914),  Phillips  (1919),  and  Tilley 
(1919).    However,  Thomson  (1913)  and  Coolidge  (1918)  are  skeptical.    In  sup- 
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port  of  thp  affirmative  are  Marchand,  in  Krehl  ii.  Marehand's  Handbiicli  d.  Allge- 
meiiien  Pathologic,  (1908),  Lingelslieim  in  Kolle  u.  Wassermann's  Haudbueh  d. 
Patliogenen  Llikroorganismen  (1912),  Packard  in  Osier  and  McRae's  Modern 
Medicine  (1914),  Barnes,  "The  Tonsils"  (1914),  Barker,  Monographic  Medicine 
(1916),  MacCallum's  Patholog3'  (1920),  and  Rosenau  (1920).  The  experiments 
of  Miller  and  Noble  (1916),  who  have  shown  that  the  liability  of  rabbits  to 
respiratory  infection  by  B.  bovisepticus  is  heightened  by  exposure  to  cold  after 
overheating  or  by  overheating  after  chilling  are  extremely  suggestive  in  this 
connection.  We,  too,  have  obtained  some  experimental  evidence  (Mudd  and 
Grant,  1919,  Grant,  Mudd  and  Goldman,  1920)  as  will  be  shown  later,  which 
would  seem  to  afford  support  to  the  thesis  that  mucous  membrane  infection  may 
be  excited  by  chilling  the  body  surface. 

What  would  seem  to  be  conclusive  evidence  in  establishing  excessive  ex- 
posure to  cold  as  an  efBcient  excitant  of  acute  upper  respiratory  affections 
has  recently  come  from  Germany  in  the  form  of  statistics  for  large  bodies  of 
troops  during  and  before  the  war.  (Schade,  1919.)  The  data  in  brief  is  as 
follows : 

(a)  Comparison  of  the  incidence  of  disease  during  the  mild  winter  of 
1915-1916  and  during  the  very  severe  winter  of  1916-1917.  The  increase  of 
disease  incidence  rose  to  almost  twice  the  total  in  1916-1917 ;  the  largest  single 
factor  in  this  increase  was  the  heightened  incidence  of  respiratory  affections, 
which  in  February,  1917,  rose  to  7.6  times  the  usual  summer  rate. 

(b)  Comparison  of  sickness  among  8,000  infantry  troops  of  whom  one  part 
(2700  men)  were  subjected  for  three  da.ys  and  nights  to  conditions  of  severe 
cold  and  wet,  while  the  rest  stayed  behind  during  the  same  weather  in  village 
quarters.  In  spite  of  hardening  by  the  three  previous  years  of  trench  warfare, 
the  incidence  of  acute  respiratory  diseases,  "rheumatic  diseases"  and  acute 
urinary  affections,  chiefly  acute  bladder  irritation  with  diurnal  and  nocturnal 
enuresis,  was  four  times  as  great  among  the  exj^osed  as  among  the  sheltered 
troops. 

(c)  Comparison  of  sickness  among  8,000  infantrymen  of  whom  one  part 
(4500  men)  were  exposed  three  days  and  nights  to  extreme  cold  (-9°  to  -12°  C. 
midday  temperature)  accompanied  by  a  sharp,  gusty  wind,  while  the  remaining 
3500  men  were  in  sheltered  quarters.  The  exposed  troops  comprised  160  cases 
of  "exposure  disease" — i.e.,  128  acute  respiratory  cases,  28  of  rheumatism,  4 
of  severe  bladder  irritation,  and  4  of  freezing.  Reckoned  on  a  basis  of  equal 
numbers  of  men,  the  sheltered  troops  had  only  40  cases  of  "exposure  disease" 
and  one  of  freezing. 

(d)  Comparison  of  daily  incidence  dui'ing  tliree  months  of  diseases  of  the 
respiratory  tract  with  that  of  "rheumatic"  affections  among  8,000  troops.  The 
curves  are  clearly  parallel.  On  the  same  days  in  which  the  number  of  cases  of 
respiratory  tract  catarrh  increased,  the  cases  of  rlunnnatic  pain  became  more 
numerous  also. 

(e)  Comparison  of  incidence  of  "diseases  of  exposure"  (see  above)  witli 
that  of  cases  of  freezing.    Daily  curves  for  SOOO  troops  show  parallelism. 

The  sanitary  reports  of  the  Prussian  war  ministry,  comprising  all  detected 
cases  of  diseases  among  all  tlie  men  of  Prussia,  Saxony  and  Wiirttemberg  in  com- 
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pulsory  military  service  (more  than  a  half  million  annually)  have  been  analyzed 
and  plotted  for  monthly  intervals  over  twelve  years.  Of  upper  respiratory 
diseases,  excluding  tonsillitis,  428,714  cases  are  included,  of  "acute  muscular 
rheumatism"  72,179  cases,  and  of  "frost-bite"  12,898  cases.  Always  the  upper 
respiratory  diseases  show  in  January  and  February  their  steep  winter  rise ;  year 
by  year  the  incidence  of  "muscular  rheumatism"  and  of  frost-bite  follow  in 
astonishing  parallelism. 

The  curves  of  incidence  by  month  for  the  whole  twelve  years  combined 
are  also  given.  The  curve  for  frost-bite  rises  from  the  base  line  in  October 
steadily  to  a  crest  in  February  and  returns  to  the  base  line  in  May.  It  is  nearly 
symmetrical  and  of  the  form  of  the  familiar  frequency  polygon.  The  curve 
for  tonsillitis  (271,852  cases)  rises  closely  parallel  to  the  frost-bite  curve  from 
December  to  its  peak,  almost  identically  placed  in  February,  and  descends 
again  almost  parallel  until  April.  The  tonsillitis  curve  is  distinguished,  how- 
ever, by  a  small  secondary  peak  in  November  and  by  its  slope  becoming  less 
steep  during  the  spring  and  summer  so  that  the  base  line  is  not  approached 
before  the  October  rise  begins.  The  curve  for  upper  respiratory  diseases  ex- 
clusive of  tonsillitis  runs  nearly  parallel  to  that  of  tonsillitis,  including  the 
secondary  mode  in  November,  but  reaches  its  summit  in  January. 

It  is  difficult  to  see  how  one  could  study  the  curves  and  yet  escape  the 
conclusion  of  the  author  that  "chilling  by  the  weather  and  the  occurrence  of 
respiratory  tract  catarrh  stand  certainly  in  the  closest  correlation." 

Such  close  parallelism,  as  Schade  also  gives  curves  to  show,  is  not  to  be 
found  between  the  incidence  of  diseases  of  exposure  and  air  temperature;  it  is 
apparently  with  the  cooling  power  of  the  air,  as  determined  by  temperature, 
humidity  and  by  movement,  and  expressed  in  the  frequency  of  frost-bites,  that 
the  parallelism  exists. 

Incidentally,  to  digress  for  a  moment,  the  efficacy  of  the  common  respi- 
ratory affections  in  lowering  resistance  and  preparing  the  way  for  the  specific 
infections  of  mumps,  scarlet  fever,  and  measles  is  shown  in  other  curves  in  this 
most  illuminating  paper. 

It  is  probable  that  in  the  general  population,  where  the  physical  condition 
does  not  average  so  high  as  among  the  young  men  studied  by  Schade,  and  where 
exposure  is  not  so  severe,  the  element  of  contagion  would  play  a  much  larger 
and  weather  a  much  smaller  part  in  determining  incidence  of  respiratory  af- 
fections. However,  even  here,  excluding  the  great  epidemics,  influenza  and 
pneumonia  begin  with  the  frost,  become  severe  when  the  temperature  averages 
below  freezing,  reach  a  maximum  when  the  temperature  is  lowest  and  then 
decline.     (Jour.  Am.  Med.  Assn.,  editorial,  1920,  Ixxv,  1500.) 

As  to  the  mechanism  of  excitation  of  infection  by  chilling  the  skin,  current 
opinion  has  gone  curiously  astray.  Since  the  classic  studies  of  Pasteur  with 
anthrax  and  fowls  with  wet  feet  many  authors  have  shown  that  animals  whose 
blood  temperatures  have  been  lowered  may  show  decreased  resistance  to  bacterial 
infection  (Marchand  1908).  Trommsdorf  (1906)  further  believed  he  showed 
in  such  animals  a  decreased  motility  and  phagocytic  activity  of  the  leucocji:es 
and  a  diminished  capacity  for  regeneration  of  alexine  and  for  elaboration  of 
specific  antibodies.     (For  literature  on  this  subject,  see  Foord,  1918.)     But,  as 
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Mareliaud  liimself  says,  and  as  our  experiments  would  indicate  (see  below),  no 
such  considerable  lowering  of  body  temperature  occurs  in  the  great  majority  of 
instances  of  exposure  responsible  for  excitation  of  the  common  upper  respiratory 
infectious.  Conditions  in  the  existing  animal  experiments  are  not  properly  com- 
parable to  the  conditions  of  "catching  cold"  in  man;  we  must  look  elsewhere  for 
an  explanation. 

The  theory  commonly  advanced  has  been  that  cutaneous  chilling,  driving 
the  blood  inward,  produces,  by  mechanical  or  reflex  means,  or  both,  congestion 
of  the  internal  organs.  Indeed  such  congestion  has  been  demonstrated  in  animal 
experiments  by  a  number  of  authors:  Lassar  (1880)  sectioned  the  lungs,  livers 
and  hearts  of  animals  after  immersion  in  ice  water,  and  found  their  vessels 
greatly  dilated.  Schiiller  (1881)  has  shown  congestion  of  the  arteries  and 
veins  of  the  pia  mater  iji  animals  chilled  by  application  of  cold  compresses. 
Eossbach  (1901),  Kisskalt  (1901)  and  others  have  made  similar  observations 
upon  the  epithelium  of  the  exposed  trachea.  Winternitz  (1881)  has  demon- 
strated an  increase  in  the  volume  of  the  arm  of  a  human  subject  immersed  in 
a  cold  sitz-bath,  a  decrease  in  the  arm's  volume  when  the  bath-water  was  warm. 

Many  authors  have  assumed  that  such  findings  apply  equally  well  to  the 
human  nose  and  throat.  The  common  observation  that  chilling  may  in  a  few 
minutes  be  followed  by  a  feeling  of  stuffiness  in  the  nose,  has  seemed  to  lend 
plausibility  to  such  an  assumption.  That  it  is  nevertheless  abolutely  at  vari- 
ance with  what  actually  occurs  in  the  nasal  cavity,  nasopharynx,  oropharynx, 
tonsils  and  palate  is  shown  by  the  experiments  to  be  described  below. 

EXPERIMENTAL  STl'DIES   OF  VASOMOTOR  REACTIONS  OF   HUMAN   SUBJECTS 
TO   CHILLING   OF  THE  BODY  SURFACE 

In(juiry  as  to  how  the  human  upper  respiratory  mucous  membranes  are 
affected  by  chilling  of  the  body  surface  has  been  undertaken  by  the  present 
authors  by  methods  of  their  own  devising.  (Mudd  and  Grant,  1919 ;  Grant, 
Mudd  and  Goldman,  1920.)  The  mucous  membranes  of  the  palate,  faueial 
tonsils,  oropharynx  and  nasopharynx  and  of  the  nasal  cavity  have  been  studied, 
primarily  with  regard  to  the  vasomotor  changes  reflexly  effected  in  them  by 
chilling ;  and  in  the  more  recent  work  the  changes  in  the  bacterial  flora  occurring 
during  the  chilling  experiments  have  also  been  considered. 

Methods.  The  experiments  were  performed  upon  human  subject,  for  the 
most  part  third  and  fourth  year  medical  students  and  recent  graduates. 

Of  the  several  criteria  of  vascular  coiulition,  hcaf  seemed  most  readily  sus- 
ceptible of  quantitative  study.  Estimation  by  inspection  of  the  redness  of  the 
mucosae  was  used  as  a  cheek. 

To  follow  superficial  tempei-ature  changes  in  the  sites  under  consiilcratiou 
by  the  direct  application  of  thermometers  was  quite  impracticable.  Thenuo- 
galvanometry  was  of  necessity  emjjloyed  therefore. 

Apparatus  used:  Two  similar  three-element  thernioiiilcs  were  made  up  of 
German  silver  wire.  No.  30.  and  of  copper  w'ire.  No.  2.").  In  making  each  thermo- 
pile, three  lengths  of  the  German  silver  wire  about  a  yard  long  were  soldered 
alternately  to  three  pieces  of  coppei-  wire  of  tlie  same  length.  The  wires  were 
then  folded  togelher  to  nuike  a  single  liinulle  of  six  sti'ands  willi   three  German 
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silver-coijper  juDctious  at  one  end  for  application  to  the  surface  of  unknown 
temperature,  and  two  junctions  and  a  loose  end  of  copper  and  another  of  Ger- 
man silver  at  the  other  end  of  the  bundle,  which  was  to  be  kept  at  a  known 
temperature.  To  each  of  the  loose  ends  was  soldered  a  copper  wire  leading  to 
a  rocking  key.  The  known-temperature  end  of  the  thermopile  was  packed  in 
cotton  with  a  sensitive  thermometer  in  a  test  tube  suspended  in  the  room  by  a 
clamp  about  its  neck,  or  packed  in  a  thermos  bottle  containing  ice  water. 

A  second  three-element  thermopile  was  similarly  arranged  and  connected 
to  the  rocking  key.  From  this  key  copper  wires  were  led  to  a  D'Arsonval  gal- 
vanometer. Thus,  by  pushing  down,  successively,  the  two  ends  of  the  rocking 
key,  each  of  the  theimiopiles  could  be  brought  successively  and  separately  into 
circuit  with  the  galvanometer. 

The  unknown-temperature  end  of  the  mucous  membrane  thermopile,  when 
applied,  was  continuously  bathed  in  mucus,  containing  electrolytes.  Its  ter- 
minals had  therefore  to  be  insulated  from  each  other ;  this  was  accomplished  by 
dipping  them  repeatedly  into  an  alcoholic  solution  of  shellac.  The  .skin  thermo- 
pile was  similarly  protected  against  short  circuiting  by  sweat.  The  adequacy 
of  the  insulation  was  proved  by  calibrating  the  thermopile  both  in  salt  solution 
and  in  distilled  water. 

The  sensitivitj'  of  the  apparatus  above  described  was  such  that  one  milli- 
meter deflection  on  the  galvanometer  scale  indicated  a  temperatiire  difference  of 
about  one-tenth  degree  centigrade  between  the  two  ends  of  the  thermopile  in 
the  circuit. 

For  calibration,  the  unknown-temperature  terminals  of  the  thermopile 
were  bound  with  elastic  about  the  bulb  of  a  sensitive  thermometer  and  this  was 
immersed  in  a  suspended  test  tube  of  distilled  water  or  salt  solution. 

This  test  tube  was  again  suspended  in  a  beaker  of  water  containing  a 
.stirrer.  The  temperature  of  the  outer  beaker  was  slightly  rai.sed  at  intervals, 
the  water  in  beaker  and  test  tube  stirred  until  a  constant  temperature  had 
been  reached,  and  the  thermometer  and  galvanometer  readings  then  taken.  The 
calibration  curves  constructed  from  the  data  thus  obtained  were  found  to  devi- 
ate appreciably,  though  very  slightly,  from  straight  lines.  Temperatures  were 
therefore  taken  from  the  curves  directly. 

Application  of  the  thermopile  terminals :  The  phase  of  the  thermogalvano- 
metric  study  of  the  skin  and  mucous  surfaces  which  presented  a  new  problem 
was  that  of  applying  the  unknown  temperature  ends  of  the  thermopiles.  They 
had  to  be  so  fixed  upon  the  site  to  be  studied  that  they  would  remain  in  un- 
changed position,  under  constant  and  light  pressure,  and  in  such  a  way  as  not 
to  interfere  with  the  rise  and  fall  of  temperature  in  the  surfaces  under  them  in 
response  to  changing  vasomotor  conditions.  The  first  two  requirements  were 
met  by  fastening  the  thermopile  wires  upon  stiff  carriers  which  we  may  desig- 
nate as  "applicators,"  and  then,  in  the  early  work,  fastening  the  latter  to  the 
appropriate  surfaces  by  strips  of  adhesive  plaster.  Various  applicators  of 
carved  wood  and  of  wood  padded  with  cotton  covered  with,  adhesive  plaster  were 
tried  and  rejected  because  they  ii^terfered  with  the  normal  loss  of  heat  from  the 
•surfaces  under  them.    Applicators  satisfactory  in  all  respects  were  finally  made 
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from  galvanized  iron  wire.  A  medium  size  was  used,  sucli  that  it  eciuid  be 
twisted  aud  hammered  into  tlie  required  shapes,  yet  would  bear  considerable 
pressure  without  defornuition.     No.  ]:>  wire  i)roved  most  satisfactory. 

The  several  applicators  used  in  the  experiments  to  be  considered  below  are 
sliown  in  Figs.  1  and  2.    Each  consists  of  a  body  along  which  the  thermopile 


ipS'* 


Fig.  1. — Applicators.     A,  for  skin;  A',  s.inic.  aiii>Ii<il;  H.  for  soft  paKitc;  C,  for  faucial  tonsils;  D,  for  oro. 
pharynx,   ready   for  application;    E,    for   nasopliarynx. 


wires  are  strung  and  supi)orts  placed,  and  a  tip  just  large  enough  to  allow  the 
three  terminals  of  the  thermopile  to  be  twisted  around  it.  The  tip  is  so  shaped 
as  to  conform  to  the  contour  of  the  surface  again.st  which  it  is  to  hold  the 
thermoiiile  terminals.  The  terminals,  although  insulated  with  shellac  as  de- 
scribed above,  arc  separated   fnini  the  metal  tip  by  a  single  strip  of  adhesive 
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plaster  as  a  further  safeguard  against  short-circuiting.  (See  Fig.  1,  A'  and 
D  and  Fig.  2,  F. 

The  skin  applicators  (Fig.  1,  A  and  A')  are  so  shaped  as  to  form  a  bridge, 
resting  stablj-  on  a  support  at  either  end,  one  of  which  is  the  tip,  bearing  the 
terminals.  Across  this  raised  bridge  are  placed  the  adhesive  straps  which  hold 
the  device  in  position  on  the  skin.  The  tip  rested  usually  either  in  the  subject's 
supraclavicular  fossa  or  on  the  forehead. 

The  mucous-membrane  applicators  (Fig.  1,  B,  C,  D  and  E)  were  slung  in 
tlie  subject's  open  mouth  by  a  long  adhesive  strip  (Fig.  1,  D),  which  supported 
the  body  of  the  applicator,  then  passed  up  just  in  front  of  the  corners  of  the 
mouth  and  was  fastened  on  the  subject's  two  cheeks.  The  tip  of  the  applicator 
held  the  thermopile  terminals  against  the  particular  site  on  the  palate,  tonsil  or 
pharynx  whose  temperature  changes  were  to  be  studied.  The  other  end  of  the 
applicator  projected  out  of  the  subject's  month  and  bore  a  .small  weight.    Thus 


Fig-  2. — Tonsillar  applicator  and  holder.  A  and  C,  ball  and  socket  joints  made  by  metal  spheroids 
and  blades  of  head  mirror;  B,  set  screw  for  tightening  joints  at  A  and  C;  D,  set  screw  for  fastening  ap- 
plicator in  holder;   E,  applicator;    T,   tip  bearing  thermopile   terminals. 

the  whole  device  when  in  position  constituted  a  lever  whose  fulcrum  was  the 
supporting  adhesive  strip,  whose  short  arm  was  weighted  and  the  tip  of  whose 
long  arm  held  the  thermopile  eud  against  the  mucous  surface. 

In  the  experiments  upon  the  faueial  tonsils  this  method  was  much  improved 
upon.  Into  one  arm  of  a  Doyen  mouth  gag  (Fig.  2)  a  small  brass  sphere.  A, 
was  screwed.  A  second  brass  sphere  bearing  a  groove  closed  by  a  set  screw,  D, 
was  made.  The  two  spheres  were  connected  by  means  of  the  blades  of  an  ordi- 
nary head  mirror,  C.  The  blades  could  be  clamped  stably  upon  the  spheres  by 
means  of  a  second  set  screw,  B.  The  applicator,  E,  so  shaped  as  to  have  its  tip 
fit  against  the  tonsil,  was  held  in  place  in  its  groove  by  the  set  screw,  D.  By 
varying  the  shape  and  position  of  the  applicator  and  arranging  properly  the 
two  joints  at  A  and  C  any  desired  application  could  be  made.  The  subject's 
teeth  were  protected  from  the  metal  gag  by  rubber  as  shown  in  the  drawing. 

The  applicator-holder  for  the  nasal  cavity  experiments  consisted  of  a  plate 
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of  strong  but  slightly  flexible  fiber-board,  aliout  1.5  mm.  in  thickness,  so  shaped 
that  it  could  be  firmly  held  between  the  subject's  teeth,  and  cross-hatched  with 
a  fine  saw  to  prevent  slipping,  into  which  was  screwed  a  metal  sphere  like  that 
of  Fig.  2,  A,  connected  through  metal  blades  to  a  second  spheroid  with  groove 
and  set  screw  as  in  Fig.  2.  The  arrangement  of  the  applicator  and  thermopile 
M-ires  was  like  that  of  Fig.  2  except  that  the  applicator  was  straight  and  its 
terminal  loop  for  the  thermopile  tips  was  very  small.  The  subject  held  his 
lips  tightly  closed  over  the  fiber-board  plate. 

Arrangement  of  the  subject :  The  experiments  were  performed  in  a  con- 
stant-temperature room,  kept,  on  the  average,  between  eighteen  and  nineteen 
degrees  centigrade.  The  subject  entered  the  room  undressed  save  for  shoes  and 
socks,  but  warmly  wrapped  in  loose  garments.  Throughout  an  experiment  he 
sat  in  unchanging  position,  tongue  held  flat  on  the  floor  of  his  mouth,  an  appli- 
cator in  position.  The  sites  on  which  the  applicators  were  placed  were  of  course 
never  wrapped  and  were  protected  from  direct  chilling.  The  experimenter 
removed  and  reapplied  the  wraps  without  disturbing  the  subject.  Chilling 
was  effected  by  (a)  removing  the  wraps,  or  (b)  unwrapping  and  applying  cold 
wet  towels  to  the  subject's  back  or  (c)  unwrapping  and  turning  an  electric  fan 
iipon  the  subject's  back.  The  third  method  was  found  to  be  by  far  the  most 
efficacious. 

In  the  earlier  experiments  very  considerable  difficult.y  was  experienced 
because  of  the  necessity  for  swallowing  the  saliva  and  mucus  secreted  in  ex- 
cessive amounts  under  these  circumstances.  This  difficulty  was  subsequently 
minimized  by  continuously  evacuating  the  liquids  in  the  mouth  through  a  glass 
tube — the  ordinary  saliva-ejector  tube  of  the  dentists — connected  through  rub- 
ber tubing  with  a  suction  pump  on  a  water  faucet. 

Factors  determining  superficial  temperature  changes:  The  factors  deter- 
mining the  temperature  changes  in  the  skin  and  mucous  surfaces  during  the 
course  of  an  experiment  may  now  readily  be  understood.  The  skin  is  a  surface 
constantly  being  heated  from  below  by  the  circulating  blood  in  the  cutaneous 
vessels  (and  to  a  less  extent  by  direct  conduction  of  heat  from  the  deeper  tis- 
sues), and  constantly  losing  heat  by  evaporation  of  moisture,  and  by  radiation, 
conduction  and  convection  to  the  cold  air  of  the  room  to  which  it  is  exposed. 
Since  the  temperature  of  the  i-oom  (and  of  the  deeper  body  tis.sues)  remains 
virtually  constant  throughout  the  experiment,  the  skin  temperature  depends 
primarily  upon  two  variable  factors,  viz.,  (a)  the  blood  temperature  and  (b) 
the  amount  of  blood  per  unit  of  time  which  circulates  through  the  cutaneous 
vessels.  Of  these  the  latter  is  incomparably  the  more  important.  For  although 
a  rise  or  fall  in  blood  temperature  would  of  course  tend  to  effect  a  corresponding 
change  in  skin  temperature,  yet  such  blood-temperature  changes  under  the 
conditions  of  our  exi)erimeiits  were  round  to  take  jihirr  (iiil\-  to  a  relatively 
slight  degi'cc,  II  is  a  fact  of  much  greater  moment,  that,  as  innre  bhuul  cir- 
(•ulat<'s  throuiih  the  skin,  the  superficial  tempei-ature  must  I'ise,  tiiat  as  the 
cutaneous  vessels  are  constricted  the  superficial  Icniiicraturc  must  fall. 

For  theorotical  conipletcnoss,  alterations  in  i;ilc  of  i'\  :i|iiir,il  inn  nf  sweat  must  also 
be  considered.      However,   with   the   smhlen   ehanf;es   I'roni    unrnitli    to   c-hillin^   and   viee   versa 
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used  iu  our  experiments,  sweat  evaporation  changes  must  have  played  a  small  part ;  and 
whatever  part  they  did  play  must  have  been  simply  to  make  less  striking  the  primarily  im- 
portant effects  of  vasoconstriction  and  vasodilation.  For  example,  chilling  the  body  surface 
was  found  experimentally  to  cause  a  sharp  fall  in  superficial  temperature  due  to  reflex 
cutaneous  vasoconstriction.  But  this  same  chilling  would  decrease  the  production  of  sweat 
and  the  rate  of  sweat  evaporation  and  hence  tend  to  prevent  the  fall  in  temperature  incident 
to  vasoconstriction;  and  similarly  for  warming  the  body,  mutatis  mutandis. 

Also  ill  the  iiiucoiis  membraues  the  factor  of  jirime  importance  in  effecting 
tempei'ature  changes  is  that  of  vasomotor  tone.  Blood  temperature,  because  of 
its  relative  constancy,  is  of  minor  interest.  Room  temperature,  rate  of  evapora- 
tion of  liquids  and  conduction  of  heat  to  the  .surface  from  deeper  tissues  are  all 
virtualh'  constant  throughout  the  experiment,  and  so  require  no  consideration. 
A  third  factor  of  consequence  operating  here  must,  however,  be  considered — 
namely,  changes  in  rate  and  volume  of  respiration.  We  may  assume  the  mucous 
membrane,  warmed  by  the  circulating  blood,  to  be  losing  heat  in  three  ways, 
(a)  by  direct  radiation  through  the  open  mouth,   (b)  by  inhalation  of  cool  air 


Fig  3. — Elood  temperature  control,  a,  electric  light  is  reflected  on  thermometer,  b.  light  removed; 
c,  unwrapped;  d,  wrapped;  e,  unwrapped,  fan  on;  f,  fan  off,  wrapped;  g,  muscles  of  subject  under  tension; 
h,  subject  feels  warm;  i,  subject  sits  comfortably,  skin  seems  flushed;  ;',  subject  feels  cold;  k,  unwrapped, 
cold  towels  to  back;  /,  fresh  cold  wet  towels  to  back;  tn,  dried  and  wrapped. 


and  exhalation  of  warm  air  in  respiration,  and  (c)  by  conduction  down  a 
thermal  gradient  established  through  the  air  in  the  mouth,  and  especially  along 
the  metal  applicator,  to  the  cold  room  outside.  Prom  what  has  been  said  above 
it  is  evident  that  the  rate  of  heat  loss  by  (a)  radiation,  and  (c)  conduction  was 
kept  virtually  constant  throughout  each  experiment.  In  all  the  experiments 
cited  below  (b)  respiration  was  carefully  controlled — rate  by  breathing  in  time 
with  a  metronome,  and  depth  by  the  use  of  a  thoracic  and  an  abdominal  pneumo- 
graph writing  on  a  smoked  drum  in  sight  of  the  subject. 

Finally,  the  effects  of  air  currents  and  eddies  in  the  experimental  room 
must  be  considered.  Although  the  sites  of  application  of  the  thermopiles  were 
protected  from  the  direct  draft  of  the  fan,  minor  currents  and  eddies  were  neces- 
sarily set  up  in  the  small  closed  room  and  the  direct  cooling  effect  of  these  upon 
the  exposed  skin  could  not  be  eliminated.  This  direct  cooling,  as  closely  as  we 
have  been  able  to  estimate  it,  probably  amounted  usually  to  between  one-third 
and   one-half   of  the   observed   skin   temperature   fall.     The   curves   should   be 
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Studied  with  this  corrcetiou  in  mind.  On  the  other  hand  it  is  obvious  tliat  in 
experiments  in  which  the  mouth  was  closed  and  the  applicator  upon  the  pha- 
ryngeal wall,  currents  in  the  room  could  not  have  entered  at  all  into  the  depres- 
sion of  mucous  membrane  temperature.  Similarly  with  the  applicator  in  the 
nasal  cavity  and  nose  breathing,  or  on  the  palate  or  pharyngeal  wall,  even  with 
the  mouth  open,  direct  cooling  bj'  air  currents  in  the  room  could  have  entered 
but  slightly  or  not  at  all  into  the  observed  mucous  membrane  temperature  fall. 
The  effect  of  the  air  currents,  then,  has  been  to  make  appear  less  striking  in 
comparison  with  those  of  the  skin  the  vasoconstrictor  reflexes  of  the  mucous 
membranes  with  chilling  of  the  body  surface. 

The  thermopiles  when  applied  under  the  conditions  described  do  not  record 
precisely  the  absolute  temperatures  of  the  surfaces  as  they  would  be  in  the 
absence  of  the  thermopiles.  However,  we  believe  that  this  method  does  afford 
an  accurate  and  sensitive  means  of  recording  supei-ficial  temperature  changes, 
and,  through  these,  states  of  vasomotor  tone,  and  it  is  with  these  that  we  are 
concerned.  Measurement  of  the  absolute  mucous  membrane  temperature,  if 
desired,  conld  be  effected  by  a  modification  of  the  method  used  for  the  skin  by 
Benedict,  Miles  and  Johnson  (1919). 

Control  Experiments:  In  order  to  determine  the  validity  of  mucous  mem- 
brane temperature  as  a  criterion  of  vasomotor  tone  it  was  necessary  to  study 
changes  effected  in  respiration,  blood  pressure  and  blood  temperature  by  the  con- 
ditions of  our  experiments.  Without  going  into  detail,  the  results  of  these  con- 
trol observations  may  be  briefly  summarized. 

Chilling  the  body  surface  has,  both  in  our  controls  and  in  animal  experi- 
ments (Ansiaux  1889,  p.  569)  increased  the  volume  of  respiratory  change,  and 
this  in  turn  often  depressed  mucous  membrane  temperature.  It  was  for  this 
reason  that  control  of  respiration  by  metronome  and  pneumographs  was  nec- 
essary. 

Blood  pressure  was  not,  in  the  two  trials  made,  significantly  altered  by 
chilling.  Animal  experiments  have  shown  an  initial  rise,  followed,  in  instances 
of  extreme  chilling  with  depression  of  blood  temperature,  by  a  progressive 
fall  (ilarchand,  1908,  p.  125,  and  Ansiaux,  1889).  The  depression  of  super- 
ficial temperature  observed  with  cutaneous  chilling  was  therefore  not  the  re- 
sult of  lowered  blood  pressure. 

Blood  temperature,  as  has  been  said,  underwent  only  slight  alterations 
during  the  course  of  our  experiments.  So  efficient  is  the  heat  regulating  mech- 
anism in  man,  indeed,  that  during  chilling  the  blood  temperature  rose  very 
slightly,  to  undergo  a  slight  fall  on  cessation  of  chilling.  (Fig.  3.)  Lieber- 
meister  (1860)  found  e.ssentially  similar  changes  in  axillary  temperature  with 
chilling  of  the  skin. 

{To  be  continued.) 


UNSUCCESSFUL  RESULT  FOLLOWING  TRANSFUSION  WITH 

IMMUNIZED   BLOOD  IN  A  CASE  OF 

INFECTIOUS  ENDOCARDITIS 


By  Louis  A.  Levison,  M.D.,  Toledo,  Ohio 


THE  treatment  of  various  infectious  processes  by  the  transfusion  of  blood 
taken  from  donors  who  have  been  immunized  against  the  bacterial  agent 
involved  has  introduced  a  new  therapeutic  procedure  that  is  now  on  trial. 
Within  recent  years  there  have  been  several  reports  of  such  eases  by  various 
observers,  but  the  scarcity  of  these  instances  and  the  variable  circumstances 
under  which  they  have  been  managed  renders  a  conclusion  in  regard  to  their 
value  very  difficult.  Conclusions  based  upon  individual  case  reports  are 
notoriously  unreliable. 

An  instance  of  a  successful  result  from  the  transfusion  of  immunized  blood 
was  reported  by  Little^  who  cites  the  case  of  a  girl  of  eleven  with  epidemic  in- 
fluenza complicated  by  laryngitis,  pleurisy',  suppurative  glossitis  and  finally  a 
general  septicopyemia  with  the  isolation  of  a  staphylococcus  and  an  unidenti- 
fied bacillus  from  the  blood.  A  vaccine  was  made  and  a  donor  immunized  bj' 
giving  an  injection  prior  to  the  last  two  transfusions.  In  all  four  trans- 
fusions were  given.  The  septic  temperature  disappeared  and  the  patient  re- 
covered. It  was  the  belief  of  Little  that  this  therapeutic  procedure  was  life 
saving  in  this  instance. 

CASE  REPORT 

W.  E.,  age  twenty-one,  occupation  college-  student,  unmarried. 

Family  History. — Father  and  mother  both  living  and  well.  Xothing  unusual  in  the 
history  of  relatives  or  antecedents. 

Personal  History. — Diphtheria  at  age  of  two.  Patient  is  a  tliird  year  student  in  the 
University  of  Michigan  and  has  not  been  sick  during  his  period  of  school.  In  1918,  when 
examined  for  mOitary  service  was  found  to  have  a  loud  systolic  murmur  at  the  apex  of  the 
heart  and  was  summarilT  rejected  from  duty.  This  murmur  was  not  known  to  him  before 
and  so  far  as  he  or  the  family  knew,  there  liad  been  no  trouble  in  any  way  from  cardiac 
trouble.  Patient  did  not  pursue  any  strenuous  athletic  exercises,  but  ordinary  activities  were 
easily  carried  out. 

Present  IUiu;ss. — The  present  illness  began  in  March,  1920.  There  were  evidences  of 
a  sore  throat  about  this  time  but  no  definite  attack  of  acute  tonsillitis.  The  patient  was 
examined  several  times  during  this  month  at  the  medical  clinic  of  the  University  of  Michigan 
where  a  heart  lesion  and  fever  were  discovered  on  account  of  which  he  was  requested  to  re- 
main in  bed  for  short  intervals  of  time.  However  the  fever  was  not  a  continuous  one  so  that 
he  was  permitted  to  leave  his  bed  and  resume  his  student  activities.  Three  times  during  the 
month  of  March  there  were  times  when  he  was  confined  to  his  bed  with  fever  for  short 
periods,  resuming  his  work  in  the  intervals.  About  the  first  of  April  the  fever  became  more 
persistent  and  he  was  sent  home  from  school  and  did  not  retuim.  Since  that  time,  he  has 
been  confined  to  his  bed  continuously.  Fever  was  a  constant  symptom  varying  from  99% 
to  103%.  There  was  no  regularity  in  the  temperature  curve  but  the  afternoon  temperature 
was  generally  the  higher.  The  pulse  ranged  from  100  to  120  and  the  respiratory  rate  was 
not  increased.  There  was  no  evidence  of  cardiac  decompensation  such  as  edema,  dyspnea  or 
cough.    Patient  was  fairly  comfortable  while  lying  quietly  in  bed.     There  were  no  pulmonary 
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symiitoins,  and  the  gastrointestinal  tract  did  not  give  rise  to  any  unusual  trouble,  except 
occasional  distress  following  liis  food.  There  were  no  urinary  symptoms.  Later  certain 
complications  ensued. 

Examination. — The  patient,  at  the  outset,  was  of  good  size,  weighing  ISO  pounds. 
Emaciation  was  gradual  and  steady.  Nothing  unusual  was  noted  as  to  the  condition  of  the 
bones,  joints,  or  lyinpli  glands.  The  cheeks  were  flushed.  The  skin  showed  a  gradually 
increased  pallor  with  the  progress  of  the  disease.  There  was  no  delirium.  Speech  was 
normal.  The  tonsils  were  large,  spongy  and  sJiowed  yellow  deposits  filling  some  of  the 
crypts.  This  condition  persisted  throughout  the  course  of  the  disease.  Teeth  were  good, 
throat  showed  a  chronic  pharyngitis.  Neck:  Thyroid  not  enlarged.  A  distinct  pulsation 
was  felt  in  suprasternal  notch,  coinciding  with  the  systole  of  the  heart.  The  carotid  pulsa- 
tion in  the  neck  was  throbbing  and  violent  and  could  be  seen  from  a  considerable  distance. 

Heart. — Inspection  showed  a  waving  apex  impulse  extending  to  the  anterior  axillary 
line.  No  thrill  on  palpation.  Percussion  showed  heart  dullness,  increased  transversely,  and 
also  a  slight  widening  of  the  aortic  dullness.  There  was  a  loud  systolic  murmur  to  be  heard 
all  over  the  precordium  and  also  in  the  left  axilla,  left  back  and  the  first  and  second  inter- 
spaces of  either  side.  There  was  also  a  diastolic  murmur  heard  at  the  base  of  the  heart. 
The  first  sound  was  distinctly  heard,  but  was  gradually  replaced  by  the  systolic  murmur. 
The  second  sound  at  the  base  was  faintly  heard.  The  radial  pulse  was  equal  on  the  two 
sides.  Blood  pressure  at  tlie  outset  was  120/0.  Lator  the  systolic  pressure  dropped  gradually 
to  90  and  a  short  time  before  the  end  to  80.  There  could  be  heard  at  all  times  a  distinct 
note  on  auscultation  over  the  brachial  artery  during  diastole.  A  capillary  pulsation  was 
noted. 

Abdomen. — Liver  and  spleen  were  not  large  and  could  not  be  palpated.  There  was 
moderate  tenderness  over  t)ie  eiiigastrium  during  the  periods  when  he  had  gastric  distress, 
but  no  other  abdominal  findings.     The  genitourinary  apparatus  was  negative. 

Laboratory  Findings. — The  urine  was  dark  yellow  in  color,  acid  specific  gravity  ranging 
from  lOlG  to  1022,  albumin  present  in  small  amounts  at  intervals,  no  sugar.  Granular  casts 
were  occasionally  seen  with  a  few  red  cells  and  leucocytes. 

Blood. — Red  count  decreased  gradually  from  4,100,000  downward,  but  the  figure  varied 
considerable  on  account  of  repeated  transfusions.  Tlie  white  count  before  transfusion  varied 
from  18,000  to  22,000.  The  percentage  of  polynuclears  was  88  per  cent.  Blood  culture 
showed  a  pure  growth  of  streptococcus  viridans.  (Dr.  Pamment).  Blood  group  II.  Was- 
sermann  reaction  negative. 

Course  of  Disease. — During  the  course  of  the  disease,  which  extended  from  April  until 
July  inclusive,  there  were  several  complications  which  appeared.  Towards  the  latter  part 
of  June  the  left  hip  become  very  much  swollen,  apparently  fluctuating,  and  excruciatingly 
painful.  Morphine  was  required  to  allay  this  pain.  It  was  thought  that  pus  was  jiresent 
and  repeated  aspirations  were  made.  However,  no  fluid  was  found  excepting  small  amounts 
of  blood.  It  is  j)robable  that  this  condition  was  caused  by  a  liemorrhage  into  the  hip  joint 
and  surrounding  tissue.  Later  there  was  an  embolus  in  the  left  lung  with  the  sudden  onset 
of  cough,  bloody  sj)utum  and  an  increased  respiratory  rate.  This  cough  and  bloody  sputum 
persisted  until  the  end. 

Treatment. — In  the  absence  of  any  specific  treatment  for  infectious  endocarditis,  symp- 
tomatic measures  were  employed  througliout  the  illness.  Injections  of  soilium  cacodylate  were 
witliout  ai)parent  efl'ect.  Intravenous  injections  of  electrargol  were  enijiloyed  also 
without  apjiarent  result.  It  was  decided  after  the  isolation  of  the  streptococcus  from  the 
blood  to  prepare  a  vaccine  from  this  organism,  immunize  a  donor  (Group  II)  and  give  the 
patient  repeated  blood  transfusions  from  this  immunized  blood.  A  donor  was  selected  in  the 
person  of  a  healthy,  stout,  maternal  uncle,  weighing  200  pounds.  He  was  given  repeated 
injections  of  vaccine  prior  to  the  first  transfusion  and  continued  throughout  at  intervals 
of  four  days.  Four  transfusions  were  done  by  the  citrate  method  employing  000  to  (>00  c.c. 
of  blood  at  each  injection.  In  all  2200  c.c.  of  blood  were  transfused  within  a  period  of 
five  weeks.  Following  the  first  transfusion  there  was  a  moderately  severe  reaction  with  a 
chill  and  rise  in  fever,  but  these  reactions  practically  disappeared  after  the  later  ones.     Tin' 
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result  of  the  transfusions  was  to  increase  the  hemoglobin  content  of  the  blood,  raise  the  num- 
ber of  red  cells,  lower  the  number  of  leucocytes  and  decrease  the  percentage  of  polj'morpho- 
nuclear  cells.  The  strength  of  the  patient  was  maintained  by  this  procedure  to  a  marked 
degree.  However  there  was  no  definite  change  in  temperature  curve  following  any  of  the 
transfusions.  At  no  time  did  the  temperature  remain  normal  for  the  duration  of  even  one 
day.  The  pulse  rate  was  not  reduced.  The  hemorrhage  in  the  hip  joint  and  the  embolism 
into  the  lung  occurred  during  the  period  of  time  in  which  the  transfusions  were  being  em- 
ployed, but  did  not  directly  follow  any  of  them.  On  July  S  the  temperature  dropped  to 
normal,  but  with  it  there  was  an  increase  of  the  pulse  rate  to  140.  Patient  became  weaker  and 
the  pulse  irregular.  Exitus  occun-ed  on  July  10  with  the  patient  comatose  and  the  heart 
in  fibrillation. 

My  suggestion  that  immunized  blood  transfusions  be  employed  in  this 
instance  was  concurred  in  by  Dr.  C.  F.  Hoover  of  Cleveland,  who  stated  that 
this  procedure  was  a  logical  one  theoretically.  In  view  of  the  desperate  nature 
of  the  patient's  illness  and  the  entire  absence  of  known  thei-apeutic  aid,  the 
patient  was  very  willing  to  have  the  experiment  attempted.  The  fact  that  the 
donor  received  the  vaccine  five  times  before  the  first  transfusion  with  a  re- 
action following  each  injection  consisting  of  a  temperature  rise,  chill,  malaise, 
and  an  increase  in  leueocj-tes  is  evidence  that  the  donor  did  respond  to  the 
vaccine  or  in  other  words  was  "immunized."  The  vaccine  injections  were 
continued  in  the  case  of  the  donor  throughout  the  intervals  between  the 
transfusions.  Whatever  antibodies  might  have  been  produced  by  this  pro- 
cedure were  introduced  into  the  patient  in  the  course  of  the  subsequent  trans- 
fusions. The  experiment  was  carefully  observed  and  it  can  be  said  that  beyond 
the  maintenance  of  the  patient's  strength  and  the  relief  of  the  anemia  that 
the  transfusions  were  of  no  avail. 


JAMES  THEORY  OF  THE  EMOTIONS  IN  RELATION  TO  THE 
ADRENAL  GLANDS 


By  Charles  E.  Kielet,  Cincinnati,  Ohio 


JAilES  postulates  that  we  cannot  experience  an  emotion  unless  we  also  ex- 
perience the  physical  changes  that  habitually  accompany  it.  lie  states  his 
postulate  even  so  boldly  as;  "We  are  afraid  because  we  run"  rather  than  "We 
run  because  we  are  afraid."  Cannon  and  his  collaborators  attempted  to  show 
that  the  physical  concomitants  of  fear  were  produced  through  psychic  stimula- 
tion of  the  adrenal  glands.  Accepting  both  theories  it  follows  that  a  blocking 
of  the  adrenal  hyperactivity  .should  prevent  the  experience  of  fear.  Biedle 
states  that  there  is  but  one  known  substance  which  neutralizes  adrenalin  physio- 
logically at  all  points.  This  is  apoeodeine,  a  drug  bearing  the  same  relation  to 
codeine  as  apomorphine  to  morphine  but  not  exhibiting  the  same  pharmaco- 
logic action  as  apomorphine.  Apoeodeine  was  first  prepared  by  Matthieson  and 
Wright  in  1870.  It  was  admitted  to  the  British  Pharmacopeia  of  1890  as  a 
hypodermic  cathartic,  but  is  now  almost  obsolete,  though  recommended  lately 
for  various  intestinal  conditions.  The  subjects  for  the  present  therapeutic 
tests  were  both  psychasthenics  whose  most  prominent  symptom  was  fear. 
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Miss  X  is  now  thirty.  She  came  under  my  care  in  1916.  The  chief  com- 
plaint was  fear  of  death.  Long  and  persistent  questioning  finally  showed 
the  fear  to  have  its  basis  in  her  religious  attitude  toward  her  erotic  desires.  At 
five  .she  recalls  masturbation  by  contact  with  furniture.  At  eight,  and  again  at 
thii-teeu,  she  submitted  to  sexual  relations  by  an  older  cousin,  but  denies  physi- 
cal indulgence  of  any  kind  since  then.  She  is  a  fervent  member  of  a  religion 
which  teaches  that  to  entertain  sexual  fantasies  is  as  great  a  sin  as  physical 
indulgence  and  the  guilty  will  be  eternally  punished.  This  is  the  psychic 
mechanism  which  determines  the  fear  of  death. 

Physical  examination  of  the  girl  has  been  exceptionally  minute  and  fre- 
quently repeated  without  showing  any  very  definite  organic  disease.  She  has 
always  a  marked  tachycardia,  the  pulse  ranging  from  90  to  120  while  sitting. 
She  has  polakyuria  but  this  is  voluntary  as  she  experiences  greater  eroticism  if 
she  allows  her  bladder  to  become  even  moderately  full.  There  is  an  unexplained 
inequality  of  the  pupils.  Gj-neeologie  examination  has  shown  a  hypertrophj-  of 
the  labia  minora.  Cystoscopy  has  twice  been  negative.  Innumerable  cardiac 
examinations  have  shown  no  organic  lesion.  Every  conceivable  form  of  therapy 
has  been  tried — sedative  drugs,  rest  cure,  suggestion  and  glandular  extracts. 
Suspicious  teeth  have  been  removed  and  (without  my  advice)  a  curettage  per- 
formed. Not  the  least  effect  has  been  noted.  Finally  I  have  given  her  hypo- 
dermically  from  1  to  2  c.c.  of  1  per  cent  apocodeine  solution  every  other  day 
until  20  injections  were  reached.  She  did  not  experience  even  the  slightest 
temporary  alleviation  of  her  anxiety. 

Mr.  Y  is  thirty-five.  His  past  history  shows  as  significant  for  psychoneurotic 
disease,  only  a  skull  fracture  thirteen  years  ago,  which  has  left  him  deaf  in  both 
ears.  During  the  influenza  epidemic  he  was  advised  to  drink  whiskey  for 
prophylaxis.  For  three  months  he  had  one  or  two  drinks  a  day  and  dates  his 
fears  from  that  time.  His  phobia  is  mainly  that  of  committing  suicide.  He  is 
well  satisfied  with  life  and  has  no  desire  for  death  but  is  obsessed  with  a  fear 
of  .self-destruction.  This  man  has  been  given  15  injections  of  1  per  cent  apo- 
codeine ranging  from  1  to  2  c.c.  As  in  the  previous  ease  there  has  never  been 
any  sense  of  relief  from  th(>  fear. 

CONCLUSION 

Granting  tliat  Cannon's  contention  in  regard  to  the  bodily  effects  of  fear 
is  correct,  the  two  experiments  presented  here  indicate  that  an  emotion  can 
be  experienced  independently  of  the  physical  changes  which  habitually  ac- 
company it. 


A  PRELIMINARY  REPORT  ON  BLOOD  COAGULATION* 


By  E.  C.  Mason,  M.D.,  Cincinnati,  Ohio 


INTRODUCTION 


THE  generally  accepted  interpretation  of  blood  coagulation  makes  it  neces- 
sary to  use  some  eight  or  nine  terms,  such  as,  prothrombin,  thrombin,  proan- 
tithrombin,  antithrombiu,  thromlwkinase,  etc.  These  terms  are  used  only  to 
name  conditions  and  furnish  no  light  on  the  true  nature  of  the  clotting.  Most, 
if  not  all,  of  these  terms  are  given  to  substances  that  have  been  isolated  through 
laboratory  methods  which  furnish  products  never  present  at  the  time  of  normal 
clotting. 

Several  years  ago,  while  studj-ing  the  nature  of  the  clot  formed  in  human 
and  cow's  milk,  I  was  impressed  by  the  action  exerted  by  certain  protective  col- 
loids. I  observed  that  such  colloids  made  the  casein  more  resistant  to  precipi- 
tating agents,  and  also  that  the  clot,  formed  in  their  presence,  was  of  a  different 
nature.  Such  protective  colloid  substances  have  been  used  for  years  in  the 
modification  of  cow's  milk  for  infants;^  how^ever,  the  method  of  their  action  was 
not  completely  understood.  Alexander,^  in  his  splendid  work  on  this  subject, 
has  demonstrated  that  the  lactalbumin  stabilizes  and  protects  casein  from  coag- 
ulation by  acid  and  rennin.  With  a  knowledge  of  these  results,  and  realizing 
that  the  process  of  milk  coagulation  is,  in  many  respects,  similar  to  the  process 
of  blood  coagulation,  I  conceived  the  idea  that  protective  colloids  probably  played 
a  part  in  blood  coagulation.  I  have  been  making  a  study  of  blood  coagulation, 
with  this  in  mind,  and  have  briefly  outlined  my  observations  in  the  following 
paragraphs. 

ANALYSI.S   OF   THE    CLOTTING   PROCESS 

The  fewer  the  terms  used,  the  less  chance  for  confusion.  Therefore  I  have 
restricted  myself  to  three.  They  are ;  fibrinogen,  calcium  and  phospholipin  com- 
plex. Of  the  three  factors  mentioned,  it  is  certain  that  fibrinogen  and  calcium 
are  present  in  the  plasma  of  the  circulating  blood.  The  question  arises  as  to 
whether  or  not  the  phospholipin  complex  is  present,  and  if  present,  is  it  in  some 
inactive  form.  There  is  convincing  evidence^  that  such  compounds  are  present, 
in  the  circulating  blood,  in  the  inactive  form. 

The  present  plan  considers  that  after  the  protective  influence  is  removed 
from  the  phospholipin  complex,  coagulation  is  the  result  of  the  combination  of 
the  three  substances  in  the  diagram;  that  is,  phospholipin,  calcium  and  the  pre- 
cipitating portion  of  fibrinogen,  and  the  final  clot  contains  these  portions.  The 
calcium  (salt)  probably  binds  to  the  phosphorus  in  place  of  the  protective  por- 
tion, and  the  other  bond  of  calcium  binds  the  fibrinogen  portion. 

I  present  the  following  scheme,  which  I  believe  will  enable  one  to  understand 
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the  process.  I  have  used  oue  phosphorus  atom  as  the  nucleus,  but  considering 
the  usual  formula  for  this  type  of  compounds,  I  should  doubtless  have  used  more 
than  one. 


(1).  Diagram  of  Phospliolipiu  Complex 


(2).  Calcium 


(3).  Diagram  of  Filirinogen 
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EVIDENCE  THAT  FIBRINOGEN  SPLIT.S  IN  THE  PROCE.SS  OF  CLOTTING 

The  main  question  seems  to  be,  whether  tibrin  pre-exists  in  the  circulating 
plasma  maintained  in  solution  by  other  proteins  (colloids),  and  this  equilibrium 
disturbed  at  the  time  of  coagulation;  or  is  a  soluble  protein,  fibrinogen,  in  some 
unknown  manner  converted  at  the  time  of  coagulation  to  an  "insoluble"  prod- 
uct, fibrin.  The  last  view  is  the  one  generally  accepted.  However,  the  view 
was  strongly  attaclied  by  Wooldridge,  and  the  objections  which  he  advanced  ap- 
parently have  not  been  answered. 

Throughout  our  discussion  fibrinogen  is  spoken  of  as  made  up  of  two  por- 
tions, (1)  the  protective  portion  and  (2)  the  portion  capable  of  being  "pre- 
cipitated." To  illustrate  the  two  portions  represented  in  fibrinogen,  I  have 
selected,  for  the  sake  of  simplicity,  a  fat  such  as  stearin  (glyceryl-stearate),  the 
characteristic  reactions  of  which  are  common  to  fibrinogen  and  caseinogen. 

First.  The  acid  treatment  of  eacli  yields  tlie  "insoluble"  hydrogen  pre- 
cipitate. 

Second.  The  sodium  salt  of  each  is  "soluble."  It  is  also  possessed  of  a 
high  hydration  capacity. 

Third.  The  calcium  salt  of  each  is  "insoluble,"  and  this  compound  has 
a  low  hydration  capacity. 

Fourth.  If  stearin  (glyceryl-stearate)  is  treated  with  a  calcium  salt,  no 
"precijiitation"  of  calcium  stearate  occurs,  but  if  first  treated  with  sodium  hy- 
drate, and  then  witli  a  calcium  salt,  the  calcium  stearate  is  formed.  This  is  also 
true  of  fibrinogen. 

Fifth.  If  compounds  such  as  glyceryl-stearate  are  treated  with  sodium  chlo- 
ride, there  is  no  apparent  reaction,  but  if  the  hydrogen  stearate  (stearic  acid) 
is  treated  with  sodium  chloride,  thei'c  is  an  interchange  with  tlie  formation  of 
some  sodium  stearate,  which  is  "soluble." 

Sixth.  The  function  of  the  catalytic  agent,  or  "enzyme,"  is  to  split  each 
into  the  two  portions. 
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The  work  of  Hammarsten,^  Sclimiedeberg,''  Heubuer''  and  others,  shows 
that  in  the  transformation  of  fibrinogen  to  fibrin  a  globulin  is  split  off.  This 
is  termed  fihrino-glohulin  by  Hammarsten  and  serum-globulin  by  others. 

Evidence  that  compounds  such  as  give  rise  to  "thrombin,"  remain  in  the 
tissues  {including  blood  as  a  tissue)  in  the  protected  form,  and  if  such  protection 
is  removed  they  combine  in  the  formation  of  the  final  clot. 

The  chemical  nature  of  the  substance  which  is  active  in  promoting  the  fibrin 
formation  (thrombin),  has  been  studied  by  various  investigators.  Halliburton' 
and  Pekelharing*  isolated  a  body  from  Schmidt's  extract  which  gave  proteid 
reactions,  and  resembled  the  globulins  in  many  particulars.  At  first  they  classi- 
fied it  as  a  globulin,"  subsequently  both  recognized  that  the  substance  was  not  a 
globulin  and  classed  it  as  a  nueleoproteid.^"  Pekelharing  considered  that  this 
nucleoprotein  in  combination  with  calcium  constituted  "thrombin,"  and  stated 
that  it  could  be  formed  not  only  from  the  nucleoproteins  of  the  plasma  or  serum, 
but  also  from  the  nucleoproteins  in  the  cells  of  the  thymus,  testicle,  and  other 
glands,  by  digesting  these  with  calcium  chloi'ide,  the  excess  of  the  calcium  salt 
being  afterwards  dialyzed  of?.  According  to  Pekelharing,  this  combination  does 
not  give  up  the  calcium  when  dialyzed,  nor  is  the  combination  broken  up  by  sol- 
uble oxalates,  although  if  these  are  present  from  the  first,  they  may  prevent 
the  original  union.  Howell,  after  much  careful  work  on  this  subject,  has  stated 
the  following  :^^  "ily  own  opinion  is  that  thrombin  is  a  protein  or  protein  de- 
rivative." 

It  appears  evident  that  the  function  of  the  calcium,  in  the  process  of  blood 
coagulation,  is  to  activate  the  thrombin,  and  that  there  is  something  present  in 
the  normal  blood  which  prevents  this  action  of  calcium.  For  the  want  of  a 
better  name  I  have  termed  this  the  protective  portion.  Various  substances,  in- 
cluding tissue  extract  and  cephalin,  are  capable  of  removing  this  protective  por- 
tion, and  as  a  result,  calcium  activates  the  thrombin  when  clotting  takes  place.'- 
"It  would  seem  quite  possible  or  probable  that  these  filjrin-aggregates  represent 
in  fact  a  real  physicochemical  combination  between  fibrinogen  and  thrombin." 

Rettger"  and  Howell"  have  definitely  shown  that  there  is  a  combination 
of  the  thrombin  and  fibrinogen  in  the  clotting  process,  demonstrating  that  defi- 
nite amounts  of  thrombin  yield  definite  amounts  of  fibrin.  Wooldridge's^'' 
analy.ses  also  show  that  fibrin  contains  a  large  percentage  of  phospholipius.  Such 
phospholipins  are  not  taken  into  consideration  in  the  ordinary  analysis  of  fibrin, 
as  they  are  removed  from  the  normal  clot  by  extraction  with  ether  or  alcohol. 

HowelP'=  has  shown  that  the  active  principle  of  tissue  extract  is  a  phospho- 
lipin  protein  compound,  and.  as  indicated  by  the  work  of  Pekelharing,  tissue  ex- 
tract when  treated  with  a  calcium  salt  will  act  as  thrombin.  Therefore,  with 
these  two  points  in  mind,  I  have  selected  the  complex  which  is  presented  in  the 
diagram  of  the  clotting  process.  However,  the  exact  chemical  formula  need  not 
be  seriously  considered,  for  that  could  varv  greatlv  and  the  working  plan  still 
hold. 

Apparenth'  the  normal  cic"  is  the  union  of  the  three  substances,  and  at 
present  I  am  engaged  in  finding  out  the  effect  produced  on  the  hydration  ca- 
pacity of  this  system,  as  the  result  of  varying  the  amount  of  each  present. 
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SUBSTANCES    WHICH   RETARD    THE    COA(iULATION    OF    BLOOD 

Substances  retard  the  coagulation  of  blood  by  doing  the  following: 

First.  Increasing  the  protective  portion  of  the  phospholipin  complex  (anti- 
thrombin). 

Second.  Preventing  the  splitting  off  of  the  protective  portion  of  either  the 
phospholipin  complex  or  fibrinogen. 

Third.    By  removing  any  one  of  the  three  factors. 

Any  condition  which  will  increase  the  amount  of  the  protective  colloid  (anti- 
thrombiu),  will  retard  the  coagulation.  Such  conditions  are  realized  in  the 
autolysis  of  tissues  of  the  body,  including  the  white  cells.  Evidence  for  this 
statement  will  l)e  found  in  the  observations  of  the  following  men :  Doyon", 
Wells,^*  Conradi,^"  Whipple.^"  Erbcn,-^  Pfeiffer,"  Minot  and  Denuy,^^  Opie,=* 
Bell,-^  Dienst-''  and  Doehez.  -" 

SUBSTANCES   WHICH   ACCELERATE    THE    COAGULATION    OF   ELOOD 

Substances  accelerate  the  coagulation  of  blood  by  doing  the  following: 
First.     By  removing  the  protective  portion  of  the  phospholipin  complex. 
Second.     By  contributing  reactive  material,    (one  of  the  three  factors  pre- 
sented in  the  diagram  of  coagulation,  the  degree  of  acceleration  depending  on 
the  factor  increased ) . 

The  following  substances  accelerate  the  coagulation  of  blood  by  one  of  the 
two  methods  just  mentioned: 

(1).  Glass  vessels,  finely  divided  glass,  glass  wool,  clay  filters,  absorbent 
cotton,  etc.  (2).  Certain  synthetic  colloids.  (3).  Electric  current.  (4).  In- 
jured tissue  and  tissue  extracts.  (5).  Cephalin.  (6).  Carbon  dioxide  and 
acetic  acid  in  the  negative  phase  of  coagtdation  produced  by  peptone  injection. 

These  substances  all  have  one  point  in  common,  being  electro-negative. 
This  property  apparently  plays  a  very  active  part  in  their  reaction,  for  if  the 
charge  is  reversed,  as  in  the  .synthetic  colloids  prepared  by  Grimaux,-'  they  lose 
their  activity.  Again  as  in  the  case  of  the  electric  current,-"  coagulation  takes 
place  at  the  pole  which  accumulates  negative  charges. 

Apparently  the  protective  portion  of  the  phospholipin  complex  is  either 
neutralized,  or  its  place  satisfied  by  reacting  trith  electro-negative  substances. 
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AX  ANALYSIS  OF  ONE  HUNDRED  POSTMORTEM  EXAMINATIONS 
IN  SIAM* 


By  Aller  G.  Ellis,  M.D.,  Bangkok,  Siam 

ly^EDlLAL  literature  has  so  few  references  to  eouditious  in  Siaiu  that  I  be- 
-'•''-I-  lieve  .statistics  of  100  consecutive  postmortems  are  of  sutficieut  clinical 
and  pathologic  interest  to  merit  publication.  These  were  the  first  made  by  me 
in  Bangkok  and  were  performed  in  Siriraj  Hospital  between  August  1,  1919, 
and  June  10,  1920.  Twentj--two  additional  ones  were  made  by  other  members 
of  the  laboratory  staff,  but  are  not  here  included  because  the  records  are  in- 
complete. During  this  period  there  were  270  deaths  in  the  hospital,  which 
gives  a  total  of  122  postmortems  in  270  cases,  or  45  per  cent.  This  percentage 
compares  very  favorably  with  that  in  the  United  States,  where,  judging  from 
my  own  knowledge  and  from  medical  literature  appearing  since  I  left,  things 
are  not  entirely  satisfactory. 

It  has  been  highly  gratifying  to  me  during  the  year  to  note  the  number 
of  articles  calling  attention  to  undesirable  conditions  regarding  the  number 
of  postmortems  and  the  teaching  of  pathologj^  therefrom.  Discussion  of  this 
means  improvement.  If  real  efforts  are  made  to  locate  the  cause  it  will  doubt- 
less be  found  that  in  most  hospitals  the  small  number  of  postmortems  is  due 
to  remediable  conditions.  Then  let  the  remedy  be  applied.  For  there  can  be 
no  better  place  than  the  postmortem  table  for  the  student  to  learn  pathology 
and  for  the  clinician  to  check  up  his  diagnoses.  And  the  physician  in  charge 
of  the  ease  should  attend  with  his  Senior  students  who  have  studied  the  pa- 
tient in  the  hospital.  In  my  opinion  the  attending  physician  should  do  the 
greater  part  of  the  teaching  at  this  time.  The  pathologist  should  point  out 
the  morbid  anatomy  of  the  lesions  and  in  the  light  of  these  the  physician  can 


•From  the  Department  of  Pathology,  School  of  Medicine,  Chulalongkorn  University,  Bangkok,   Si; 


200  THE    JOURNAL   OF    LABORATORY    AND    CLINICAL    MEDICINE 

discuss  with  the  students  the  physical  signs  and  the  symptoms  that  had  pre- 
viously heen  noted.  The  student  must  not  come  away  from  a  postmortem 
remembering  simply  that  he  saw  a  diseased  heart,  or  a  pneumonic  lung,  or  a 
cirrhotic  liver;  in  addition  he  must  place  these  facts  as  the  final  points  of 
knowledge  regarding  an  individual  case  of  a  certain  disease.  The  physician 
Avho  has  been  studying  the  case  can  aid  the  students  in  properly  placing  these 
facts;  the  pathologist  can  do  relatively  little.  Sending  to  the  postmortem 
room  the  history,  with  or  without  the  interne  who  wrote  it,  is  an  aid  but  it  is 
an  extremely  poor  substitute  for  the  physician  who  is  teaching  the  students 
medicine.  If  this  team  work  by  pathologist  and  clinician  were  properly  de- 
veloped, both,  as  well  as  the  students,  would  benefit  greatly  thereby.  Each 
would  learn  from  the  other  and  there  would  be  less  petty  fault-finding  and 
criticism  about  each  other's  work. 

Of  the  100  cases  here  recorded,  64  were  males,  36  females.  Most  were 
Siamese,  but  Chinese  were  included. 

The  ages  ranged  from  stillborn  to  67  years.  In  ten-year  periods  they  were 
as  follows : 

Under  10  years 11 

From  10  to  19  years 5 

"     20  "   29     "       23 

"      30  "   39     "       17 

"     40  "   49     "       10 

"      50  "   59      "       17 

"      60  "    G7     "       5 

Age   not   recorded    12 

100 

The  lesions  in  the  cases  as  recorded  in  the  gross  diagnoses  varied  in  num- 
ber from  three  to  fourteen.  The  primary  or  chief  cause  of  death  as  determined 
from  these  and  the  clinical  course  of  the  disease  was  the  following: 

Abscess  of  liver,  amebic    1 

Abscess   of   pelvis    3 

Appendicitis,    gangrenous    1 

Atelectasis   of  lungs    1 

Bronchial    asthma    1 

Bronchopneumonia       5 

Calculus  of  bladder    (cystitis)    2 

Carcinoma  of  liver    1 

Carcinoma  of  stomach    1 

Carcinoma  of  uterus   1 

Cliolera       3 

Cholecystitis,    suppurative    1 

Cirrliosis  of  liver,  atrophic   5 

Dysentery,  amebic    17 

Dysentery,  type  doubtful   3 

Kndocardltis,   acute    2 

Endocarditis,   chronic    1 

Endometritis,  puerperal    3 
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Edema  of  liiain    1 

Fatty  degeneration  of  heart   3 

Fracture   of   skull    2 

Gangrene   of  lung    1 

Gastroenteritis,    chronic    1 

Gunshot  wound  of  abdomen    1 

Heat    exhaustion    1 

Hypernephroma  of  kidney   1 

Influenza-pneumonia        2 

Knife   wounds    2 

Lobar  pneumonia 1 

Lymphosarcoma    (duodenum)    1 

Malformation  of  heart  and  vessels   1 

Meningitis    (tuberculous)    1 

Mercurial   poisoning    1 

Myocarditis    (chronic)     3 

Nephritis    (suppurative)     2 

Opium   poisoning    1 

Rupture  of  uterus   1 

Sarcoma  of   (Liver )    1 

Septicemia        2 

Syphilis        2 

Suffocation    (newborn)     1 

Tuberculosis    (lungs)    10 

Tuberculosis    (hip)     1 

Typhoid   fever    3 

Uncinariasis    1 

100 

This  table  serves  to  show  the  wide  range  of  cases  making  up  the  series 
and  also  brings  out  one  point  worthy  of  special  mention,  namely,  that  27 
deaths  (more  than  one-fourth  the  total)  were  due  to  diseases  of  the  intestines. 
These  were: 

Dysentery  (colitis)     20 

Cholera       3 

Typhoid  fever 3 

Uncinariasis        1 

27 

This  emphasizes  a  well-known  fact,  namely,  the  high  mortality  rate  in 
tropical  countries  from  intestinal  diseases.  These  are  due  almost  entirely  to 
bacterial  or  parasitic  contamination,  primarily  of  soil  or  water,  and  secondarily 
of  the  food  supply.  The  almost  constant  high  temperature  of  such  countries 
favors  the  continuous  growth  of  animal  parasites  and  bacteria  which  in  colder 
climates  are  checked  or  for  a  time  prohibited  by  periodic  freezing  of  the 
ground.  This,  aided  by  common  methods  of  soil  fertilization  (by  human  excre- 
ment) furnishes  a  prolific  source  of  disease.  It  is  a  point  constantly  to  be 
emphasized  about  the  tropics  to  medical  students  and  physicians,  especially 
those  engaged  in  Public  Health  service.  The  latter  have  particularly  difficult 
conditions  with  which  to  deal  in  the  prevention  of  disease. 
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Some  of  the  findiugs  in  these  cases,  as  will  be  noted  later,  belong  to  the 
rarer  lesions  but  most  of  the  eases  were  of  the  more  common  ones  that  are 
especially  valuable  to  students.  I  believe  that  we  as  teachers  too  often  spend 
on  rare  cases  time  that  could  be  much  better  employed  on  the  fundamentals 
of  common  ones.  It  is  true  that  unusual  cases  are  always  deeply  interesting 
to  the  teacher  and  are  of  great  value  in  medical  literature.  They  must  also  be 
brought  to  the  attention  of  the  student  but  of  the  time  of  the  latter  they  re- 
quire only  a  minimum.  Many  of  the  conditions  here  recorded  were  found 
just  at  the  right  time  to  illustrate  topics  of  the  lecture  course  and  thus  to 
quite  a  degree  helped  atone  for  the  scarcity  of  museum  specimens.  In  none 
of  my  many  series  of  100  postmortems  has  there  been  one  with  more  cases  of 
real  teaching  value. 

Before  taking  up  in  detail  some  of  the  points  brought  out  by  this  series,  I 
wish  to  give  a  summary  of  the  lesions  in  the  chief  organs.  This  will  also  give 
an  idea  of  the  frequency  with  which  the  various  organs  were  diseased.  Of 
course  a  series  of  100  cases  is  not  large  enough  from  which  to  draw  lasting 
conclusions  as  to  frequency  of  a  certain  condition.  It  will,  however,  give  a 
general  idea  of  the  findings  here  as  compared  with  those  in  the  United  States. 

HEART : 

Aneurism,  1 
Atrophy,  2 
Brown  atrophy,   1 

{Left  ventricle,  19 
Right  ventr-icle,  13 
Left   auricle,   3 
Right  auricle,  13 

-..^     ,  I  acute,  3 
Mitral  {   ,        .      1 
I  chronic,   1 

Endocarditis  J  I  acute,  1 

1  Aortic  {    ,        •      o 
I  chronic,  2 

[Mural,  1 
^.      I  Fatty,   IS 
Degeneration  |  parenchymatous,   31 

}  Left  ventricle,  5 
Hypertrophy  I  jjig^^  ventricle,  5 
Malformation,  1 
Malposition,    1 
Myocarditis,  fibrous,  21 
Patulous  foramen  ovale,   7 
Tumor,  secondary,  1 

ARTERIES: 

Absence  of  pulmonary,  1 
Aneurism  of  aorta,  1 

f  General,   1 
Aorta,    10 
Arteriosclerosis   ■  Coronary  arteries,  3 
L     ,.,.,.    J  Aorta,   3 
[^^■P'"'"^«  I  Pulmonary,  1 

LUNGS: 

Abscess,   3 
Atelectasis,  7 
Bronchiectasis,  1 
„        ,...      (Acute,  17 
Bronchitis    j  chronic,  3 
Congestion,   47 
Edema,  30 
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f  Vesicular,  43 
Emphysema    >.  Interstitial,  2 

[interlobular.  1 
Gangrene,  1 
Infarct,    3 
Malformation,  3 

[Lobar,  1 

Pneumonia  |  Broncho  |  R^jgi^^l*  7 

[chronic  interstitial,  2 

(  .    ..         I  Left,  10 
Active     i  T3-   ,  .     „ 

Tuberculosis  }  ?'?'*'' 

Healed   ^'^\  ". 
L  (Right,  7 

Tumor,   secondary,   1 

PLEURAE : 

Hemothorax,   3 
Hydrothorax,  left,  -l;  right,  6 

r  f'fift,  nonsuppurative,  2 

Acute     right,  nonsuppurati\e,  4 
Pleuritis  \  ["g'lt,  suppurative,  1 

Chronic  adhesive  \  ^  ,'.  ~Z^ 
[  I  right,  27 

Pneumothorax,  2 
SPLEEN: 

Accessory,  14 
Absence,  1 
Atrophy,   5 
Congestion,  23 
Chr.  capsulitis,  7 
Chr.  splenitis,   7 
Enlargement,  27 
Infarction,  1 
Pigmentation,  7 
Softening,  8 
Tuberculosis,   2 

KIDNEYS: 

Congestion,  17 
Hydronephrosis,   1 
Hypernephroma,  1 
Malformation,  1 
Malposition,  2 
Nephrolithiasis,   1 

(„  ,         ^        f  acute,  9 

Parenchvmatous  {    ,        •      o 
clironic,  S 
Diffuse,   chronic,   6 
Interstitial,  chronic,  10 
Suppurative,  acute,  3 
Parenchymatous  degeneration,  25 
Tuberculosis,  2 

STOMACH: 

Carcinoma,  1 
Carcinomatous  ulcer,  1 
Congestion,  8 

Gastritis,  acute,  1;    chronic,  7 
Ulcer,  2 


LI^rER : 


Abscess,  amebic,   3 

Cirrhosis — atrophic,  5;   congestive,  8;  syphilitic,  1 

Congestion,  39 

Fatty  infiltration,   14 

Malformation,  1 

Pigmentation,  4 


Small 
intestine 
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Parenchymatous  degeneration,  27 
Tuberculosis,  2 

Tumor,  angioma,  1;   carcinoma,  1;  Hypernephroma,  1;  sar- 
coma, 2 

INTESTINE : 

Duodenum,  ulcer,  2 ;   lymphosarcoma,  1 

f  Enteritis,  catarrhal,  S ;  follicular,  .S  ;  ulcerative,  4 
Stabwouud,  1 
'  Tuliereulosis,  6 

Lipoma,   1 
[  Typhoid   lesions,  3 

I  Colitis,  amebic,  17;  catarrhal,  4;  ulcerative,  6 
Tuberculosis,  4 
Tumor,    1 
Syphilis,    1 
Stenosis,  1 
Rectum,  gangrene,  1 

PERITONEUM: 

Abscess,  appendiceal,  1 ;  pelvic,  2 

Ascites,  16 

Carcinoma,  2 

Peritonitis,  acute,  11 ;   chronic  adhesive,  8 

Tuberculosis,   1 

MISCELLANEOUS: 
Jaundice,  4 

Transposition  of  viscera,  1 
Leukoderma,  1 
Fracture  of  skull,  2 
Fracture  of  humerus,  1 
Ascariasis,  2 
Uncinariasis,  1 
Tapeworm,  1 

A  very  common  condition  here  is  vesicular  emphysema  of  the  lungs.  This 
was  a  feature  I  noticed  from  the  beginning  because  of  its  much  greater  fre- 
quency than  I  had  found  in  the  United  States.  This  diagnosis,  given  in  the 
table  as  43  cases,  could  have  been  given  a  greater  number  of  times  if  note  had 
been  made  of  its  evident  presence  in  lungs  that  had  other  lesions,  as  pneumonia, 
tuberculosis,  or  congestion  and  edema.  Minor  degrees  were  not  recorded  as 
I  have  come  to  regard  the  condition  as  almost  constant  here  in  adults.  In 
many  it  is  of  an  advanced  degree.  The  type  is  the  essential,  or  large-lunged, 
emph.ysema.  "Why  this  is  true  I  do  not  know.  Castellani  and  Chalmers  saj' 
that ' '  emphysema  and  asthma  are  fairly  common  in  the  tropics. ' '  I  am  informed 
that  asthma  is  quite  frequent  in  this  country  bitt  do  not  believe  it  is  so  universal 
as  emphysema  seems  to  be.  The  condition  is  an  interesting  one  for  which  I  shall 
seek  further  explanation. 

Some  of  the  other  lesions  are  less  1'rei|uciit  tlian  wo  arc  aceustomod  to  find 
them  in  the  United  States.  The  presence  of  gallstones  was  noted  in  two  cases ;  in 
both  they  were  small  and  few  in  number,  not  at  all  like  the  dozens  or  hundreds 
as  we  find  them  in  not  a  few  bodies. 

Sclerosis  of  arteries  is  less  common  here.  In  only  one  of  the  cases  was  the 
diagnosis  of  general  arteriosclerosis  justified,  although  in  several  there  was  sclero- 
sis of  certain  arteries,  as  the  aorta,  coronaries,  or  renal.  In  only  one  case  was 
there  extensive  involvement  of  the  aorta  with  large  yellow  firm  patches,  a  few 
calcareous.    With  the  extensive  amount  of  salts  in  the  water  here  and  the  fre- 
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queiicy  of  bladder  calculi,  it  might  be  thought  that  calcareous  iufiltratiou  of 
damaged  vessels  would  be  frequent.  From  other  observations  regarding  this 
condition,  I  believe  it  would,  were  the  vessels  damaged  as  so  often  found  in 
elderly  persons  in  the  States. 

The  rarity  of  gross  syphilitic  lesions  in  spite  of  the  supposed  great  preva- 
lence of  that  disease  has  been  a  striking  point.  In  the  absence  of  Wassermaun 
tests  in  the  hospital,  the  number  of  cases  among  the  one  hundred  cannot  be 
stated  but  the  postmortem  manifestations  were  not  indicative  of  many.  Of  the 
lesions  tabulated  under  vessels  and  liver,  most  were  in  one  case,  a  woman  of 
thirty-six  years.  This  body  furnished  the  syphilitic  cirrhosis  of  liver,  arteritis 
of  pulmonary  artery  and  one  of  the  instances  of  aortic  involvement,  and  the 
aneurism  of  the  aorta. 

Another  condition  that  theoretically  should  be  veiy  often  found  proved 
not  to  be  so.  This  is  malarial  pigmentation  of  the  liver  and  spleen,  with  en- 
largement of  the  latter.  The  table  shows  7  cases  of  pigmentation  of  the  spleen 
and  4  of  the  liver.  The  cases  of  enlargement  of  the  spleen  as  tabulated,  27  in 
number,  were  mainly  those  of  infectious  conditions  or  congestion  due  to  other 
well  defined  diseases.  The  instances  of  pigmentation  were  mostly  in  moderate- 
sized  organs  instead  of  notably  large  ones.  Not  all  the  spleens  were  examined 
microscopically  and  it  may  be  that  more  of  them  were  pigmented  than  the  size 
and  color  would  indicate,  but  I  am  speaking  now  of  gross  appearances.  This 
is  one  of  the  many  problems  to  be  investigated  in  further  series  of  cases.  A 
point  to  be  remembered  in  this  connection  is  that  the  large  majority  of  cases  in 
the  series  were  from  Bangkok,  in  which  malaria  is  not  nearh'  so  frequent  as  in 
the  jungle  regions  further  North. 

Malformations  were  not  numerous  in  this  series.  The  most  notable  was 
the  one  with  an  opening  in  the  interventricular  septum  of  the  heart  with  ab- 
.senee  of  the  pulmonary  artery  and  spleen.  These,  with  accompanying  trans- 
position of  viscera,  made  the  case  a  most  unusual  one.  It  has  been  published 
in  the  Journal  of  the  American  Medical  Association.  This  child  also  had  a 
four-lobed  lung  on  each  side;  in  two  other  bodies  the  left  lung  had  partial 
separation  into  three  lobes.  One  kidney  was  moderately  changed  in  shape  and 
was  also  out  of  position. 

One  newborn  child  had  malformations  of  the  external  genitals  making  it 
worthy  of  the  term  hermaphroditism,  although  it  seemed  fairly  certain  a 
male.  The  scrotum  resembled  labia  and  the  rudimentary  penis  had  complete 
hypospadias.  The  testicles  were  found  in  the  abdominal  cavity  near  the  brim 
of  the  pelvis. 

An  interesting  malformation  of  the  bladder  was  found  in  a  woman  of 
sixty-five  years.  This  was  a  diverticulum  extending  from  the  right  lateral 
portion.  It  began  as  an  opening  1.5  em.  in  diameter  and  gradually  increased 
in  size  to  its  termination,  being  6  em.  long.  This  sac  was  entirely  empty.  The 
absence  of  calcareous  material  is  of  interest  because  the  pouch  would  seem  to 
have  furnished  admirable  anatomical  conditions  for  the  formation  of  calculi. 
Of  course  women  are  less  liable  to  this  condition  than  are  men. 

Finally  a  peculiar  malformation  was  the  condition  of  the  great  toes  m  a 
man  of  unknown  age.    Each  was  short,  only  half  as  long  as  the  second  toe  of 


206 


THE    JOURNAL    OP   LABORATORY   AND    CLINICAL    MEDICINE 


each  foot.  It  may  be  said  iu  passing  that  supernumerary  Httle  fingers  and 
thumbs  are  not  of  great  rarity  in  Siam,  though  none  of  the  bodies  in  this  series 
showed  them.  Supernumerary  mammary  glands  are  also  fairly  frequent,  three 
cases  being  in  the  Obstetric  Department  of  tlie  hospital  at  one  time. 

TUBERCULOSIS 

Death  was  attributed  to  this  in  11  eases,  10  of  the  lungs  and  one  of  the  hip. 
In  some  of  the  pulmonary  cases  tis.sue  destruction  was  very  great,  cavities  oc- 
cupying the  whole  of  an  upper  lobe  being  found.  In  spite  of  this,  however,  the 
general  statement  can  be  made  that  the  process  does  not  appear  so  widespread, 
so  active,  so  broadly  destructive  as  in  the  average  ease  in  the  United  States. 
The  impression  gained  is  that  the  tissue  destruction  is  spreading  slowly.  The 
cavities  as  a  rule  have  quite  smooth  walls  and  many  have  considerable  fibrous 
tissue  in  them.  Around  the  cavities  may  be  found  small  tubercles,  but  rarely 
any  extensive  areas  of  necrosis.  In  some  cases  with  a  cavity  of  2  cm.  in  di- 
ameter, no  tubercles  are.  seen  near  it.  In  the  lower  lobes  of  lungs  with  ex- 
tensive cavities  in  the  upper,  are  often  areas  of  conglomerate  tubercles  but 
with  very  little  necrosis  in  the  center.  Even  in  the  upper  part  of  such  lobes, 
with  small  cavities  present,  necrosis  does  not  appear  prominent  or  active.  In 
cases  without  extensive  destruction  (with  death  due  to  other  causes)  I  have 
found  cavities  of  1  or  2  cm.  in  size  in  a  lung,  with  no  tubercles  whatever  around 
them;  in  one  instance,  we  examined  spreads  from  the  wall,  finding  it  loaded 
with  tubercle  bacilli,  before  I  was  finally  convinced  that  we  were  not  dealing 
with  an  abscess. 

Many  of  these  eases  liad  no  involvement  of  spleen,  liver,  lymphnodes  or 
intestine.  Some  had  tuberculous  ulcers  of  the  intestines  with  numerous  tuber- 
cles in  the  serous  coat.  Of  course  the  disease  destroys  tissue  and  causes  death 
but  the  general  appearance  is  that  the  tissue  has  been  putting  up  a  good  re- 
sistance. The  duration  of  the  cases  I  do  not  know  and  it  may  be  the  clinical 
history  (if  it  could  be  obtained  accurately)  would  negative  this  supposition 
based  on  the  appearance  of  the  lungs.  Whether  the  cases  were  of  slow  progress 
and  long  duration  or  not,  the  fact  remains  tliat  the  disease  was  responsible  for 
11  of  the  100  deaths.  It  should  be  added  that  in  11  other  bodies  tliere  was 
healed  tuberculosis  in  one  or  both  lungs.  This  adds  to  the  total  number  of 
infections.  So  far  as  climate  is  concerned,  Bangkok  would  seem  to  be  one 
of  the  worst  for  tuberculous  persons.  It  is  only  four  feet  above  tlie  sea  level 
and  during  half  of  the  j'ear  the  air  is  extremely  moi.st. 

INFLUENZA  AND  PNEUMONIA 

Two  deaths  were  attributed  to  influenza  and  its  complicating  lung  lesions. 
One  of  these  clinically  was  influenza  with  a  duration  of  10  days;  the  lungs 
were  typically  like  those  of  the  tliousands  of  cases  coming  to  postmortem  during 
the  great  epidemic  of  1918.  Tlie  other  ])atient  was  brouglit  to  the  hospital 
unconscious  and  died  in  20  hours  witli  no  clinical  history  obtainable.  The  lung 
lesion  was  in  a  fairly  early  stage,  but  1  am  cniiviiiccd  il  was  of  the  same  type. 
Cases  of  this  disease,  whatever  it  should  be  caileil   (we  are  calling  it  influenza). 
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are  occurring  here  from  time  to  time.  In  adclitiou  to  the  two  cases  here  re- 
ported, one  typical  case  with  pneumonia  came  to  postmortem  recently  at  the 
Chulalongkoru  hospital.  I  think  there  is  no  doubt  that  some  cases  of  common 
■cold,  of  bronchitis,  and  of  bi'onchopneumonia  are  designated  influenza.  But 
it  is  equally  certain  that  sporadic  cases  of  the  type  of  the  epidemic  of  1918  are 
occurring ;  in  those  developing  pneumonia  the  mortalitj'  is  high. 

BRONCHIAL  ASTHMA 

This  ease  occurred  in  a  man  of  fifty-two  years  who  had  had  attacks  since 
early  childhood.  His  paternal  grandmother  and  father  had  the  disease  and  one 
•of  his  children  now  has  it — a  family  history  of  four  generations.  Curschmann's 
spirals  were  found  in  the  bronchi.  The  lungs  showed  emphysema.  The  bronchi 
had  an  acute  catarrhal  inflammation.  Twelve  years  ago  while  in  Berlin  I 
had  the  opportunity  of  studying  and  reporting  the  eighth  case  in  medical  litera- 
ture with  microscopic  examination  of  the  lungs.  This  I  believe  to  be  the  twelfth. 
These  lungs  shed  no  new  light  on  the  pathology  of  the  disease,  although  the 
■duration  of  the  case  should  have  led  to  chronic  changes  if  anv  ever  occur. 


There  were  9  cases  of  tumor,  7  malignant  and  2  benign.  Of  the  former.  4 
-were  carcinoma,  2  sarcoma,  and  1  hypernephroma.  One  case  of  carcinoma  of 
the  stomach  was  in  a  woman  of  forty-two.  It  was  of  the  diffuse  type  with 
thickening  and  ulceration  of  the  entire  wall.  It  extended  to  the  surrounding 
"tissues  but  gave  no  metastases  to  the  liver.  A  squamous-cell  epithelioma  of  the 
uterine  cervix  in  a  woman  of  sixty-seven  had  extended  to  the  bladder.  A 
third  case  in  which  carcinoma  had  caused  death  was  in  a  man  of  thirtj'-four. 
The  liver  was  the  organ  chiefly  affected,  being  studded  by  nodules  of  various 
•sizes.  The  duodenum  was  adherent  to  one  of  the  nodules  and  when  separated 
was  found  to  have  a  small  perforation,  at  the  base  of  an  ulcer.  The  case  was 
taken  to  be  one  of  primary  carcinoma  of  the  liver,  with  multiple  nodules  from 
■early  spread  by  the  veins,  ilicroscopic  study  of  the  duodenal  lesion  showed 
a  chronic  ulcer  with  very  thick  walls  of  dense  fibrous  tissue  and  in  this  at  one 
point  a  few  aberrant  epithelial  cells  that  may  be  part  of  a  malignant  growth. 
These  cells  are  too  few  to  make  the  diagnosis  of  cancer  positive  but  makes  it 
strongly  probable.  The  case  is  therefore  better  regarded  as  one  of  chronic 
ulcer  of  the  duodenum  with  carcinomatous  change  and  multiple  metastases  in 
the  liver. 

An  instance  of  undoubted  carcinomatous  change  in  a  ehronic  ulcer  was 
found  in  a  man  of  sixty-two  years.  In  the  greater  curvature  of  the  stomach  was 
an  ulcer  6  em.  in  diameter,  with  a  nodular  elevation  in  the  center  that  proved  to 
be  adenocarcinoma.  There  were  no  metastases,  death  being  due  to  gangrenous 
■cholecystitis. 

Of  the  sarcomas,  one  was  a  lymphosarcoma  of  the  duodenum  in  a  woman 
of  thirty-six  years,  with  symptoms  of  six  months'  duration.  A  perforation  3  cm. 
in  diameter  had  occurred ;  this  was  adherent  to  the  gall  bladder  but  leakage  had 
started  peritonitis.    The  second,  third,  and  fourth  parts  of  the  duodenum  were 
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an  ulcerated,  thickened  mass  of  partly  necrotic  tissue  with  narrow  segments  of 
tlie  lumen.  Microscopically  the  growth  was  of  small  round  cells  and  could 
have  been  called  a  small  round-cell  sarcoma  but  was  so  similar  to  the  lymphnodes 
it  infiltrated  that  the  term  Ij-mphosarcoma  is  regarded  more  appropriate.  This 
belongs  to  the  rarer  tumors  in  this  location. 

The  other  sarcoma  was  also  one  of  infrequent  occurrence,  a  primary 
sarcoma  of  the  liver.  This  was  in  a  Chinese  woman  of  thirty-one,  with  an  ob- 
scure history  as  to  duration  but  probably  about  six  mouths.  A  large  mass  with 
almost  parallel  sides  and  a  rounded  end  extended  from  the  lower  part  of  the 
right  lobe  of  the  liver  diagonally  across  the  abdomen  to  a  point  below  and  to 
the  left  of  the  umbilicus.  A  needle  puncture  gave  pure  blood.  Opening  the 
abdomen  revealed  an  inoperable  mass  of  soft  reddish  tissue  that  under  great 
pressure  welled  out  of  the  incised  capsule.  Postmortem  showed  a  growth  of  the 
liver  replacing  more  than  half  of  the  right  lobe  and  extending  15  em.  beyond 
the  border  as  a  cylindrical  mass  12  cm.  in  diameter.  The  tumor  was  exten- 
sively necrotic  with  many  areas  of  hemorrhage.  There  was  no  tumor  elsewhere 
in  the  body.  Microscopic  sections  are  of  round-cell  sarcoma. 

The  other  malignant  ti;mor  was  a  hypernephroma  16  cm.  in  diameter  that 
replaced  the  upper  two-thirds  of  the  right  kidney  and  the  adrenal.  There  were 
multiple  secondary  nodules  in  the  liver  and  lungs. 

Of  the  benign  tumors,  one  was  a  hemangioma  of  the  liver  3  by  4  cm.  in  a 
woman  of  fifty-four.  The  other  was  a  lipoma  2  cm.  in  diameter  projecting  into 
the  lumen  of  the  middle  of  the  ileum  of  a  woman  of  50  years. 

TYPHOID    FEVER 

There  were  three  cases  of  this  disease  in  males  of  twenty-one,  eighteen,  and 
seven  j-ears.  The  first  two  mentioned  had  extensive  lesions  in  the  lower  six 
feet  of  the  ileum  and  both  had  numerous  small  ulcers  in  the  cecum.  The  first 
had  the  most  marked  inflammation  of  the  mucosa  of  the  ileum  that  I  have  ever 
seen  in  a  case.  The  boy  had  but  little  lymphoid  tissue  in  the  ileum,  therefore 
but  few  lesions ;  there  were  none  in  the  cecum  and  the  ileum  between  the  ulcers 
was  not  inflamed.  But  the  ulcers  present  were  deep  and  one  10  em.  above  the 
ileocecal  valve  had  perforated  and  caused  peritonitis.  Comparison  of  these 
cases  emphasizes  a  point  of  great  importance  regarding  the  lesions  of  this  dis- 
ease, namely,  that  perforation  does  not  necessarily  imply  an  extensively  in- 
flamed or  ulcerated  inteslinc  Of  these  three  eases,  perforation  occTirred  in  the 
one  with  the  least  lyinplioicl  lissiir  in  fho  intestine,  with  the  shortest  length  of 
intestine  involved,  with  tiic  IVwcsl  ulcers,  and  the  least  inflammatory  tissue 
around  the  ulcers. 

In  addition  to  these  three  cases  of  tyi)hoid  fever,  the  ileum  of  a  Wduian 
of  fifty-one  contained  bile-stained  scars  tiuit  were  probably  the  remains  of 
lesions  from  which  she  had  recovered.  There  have  been  several  other  cases  of 
the  disease  in  the  hospital  during  the  past  year.  Typhoid  therefore  appears 
to  be  an  endemic  disease  in  Bangkok  although  some  physicians  were  .skeptical 
about  it  when  I  fir.st  came.  There  are  so  many  types  of  fever  in  the  tropics, 
many  of  them  of  unknown  origin,  that  proof  of  specific  diseases  is  demanded. 
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MULTIPLE  ANEURISMS  OF   HEART 

These  were  in  a  woman  of  unknown  age  and  formed  an  instructive  instance 
of  the  etfeet  of  sclerosis  of  the  arteries.  One  aneurism  was  a  cone-shaped  pro- 
jection 2.5  by  1  em.  at  the  apex  of  the  left  ventricle.  At  the  summit  the  w'all 
of  the  sac  was  formed  of  pericardium  only,  but  the  terminal  1.5  em.  was  oc- 
cupied by  a  blood  clot  partly  organized  into  fibrous  tissue.  This,  as  fortunately 
often  happens  in  such  cases,  undoubtedly  prevented  rupture  of  the  aneurism. 
The  second  aneurism  had  an  opening  2  cm.  in  diameter  leading  from  a  point  be- 
hind the  posterior  mitral  leaflet.  The  sac  was  4  bj-  2  cm.  in  size  and  was  partly 
filled  by  partial^  clotted  blood.  Tliis  sac  was  also  thin.  Both  were  apparently 
due  to  local  failure  of  blood  supply  from  occlusion  of  small  branches  of  the 
coronary  artery.  Other  effects  of  arteriosclerosis  in  this  subject  were  fibrous 
myocarditis  and  softening  of  the  brain. 

.JAUNDICE  IN  ATROPHIC  CIRRHOSIS  OF  LIVER 

Two  of  the  subjects  with  atrophic  cirrhosis  of  the  liver  had  pronounced 
jaundice.  This  condition  is  rarely  marked  in  so-called  atrophic  cirrhosis  and 
even  in  lesser  degrees  is  present  in  only  a  small  number  of  cases.  Its  occurrence 
in  one  case  was  unexplained  by  any  condition  that  could  be  found.  The  sub- 
ject was  a  man  who  had  9  liters  of  fluid  in  the  peritoneal  cavity.  The  liver 
was  of  the  "hobnail"'  variety.  The  duets  were  open.  The  liver  was  greenish- 
yellow. 

The  second  case  was  in  a  man  with  "hobnail"  liver  and  ascites  of  10  liters. 
The  jaundice  in  this  case  was  readily  explained.  Dense  adhesions  of  the  meso- 
colon to  the  pedicle  of  the  liver  and  along  the  duodenum  almost  to  the  pylorus 
had  added  obstruction  of  the  bile  ducts.  The  jaundice  was  thus  really  obstruc- 
tive. Edema  of  the  colon  in  this  man  was  the  most  intense  I  have  seen.  In 
some  segments  the  wall  was  1.2  em.  thick. 

LOBAR  PNEUMONIA 

This  aft'ection  is  very  uncommon  as  compared  to  the  United  States  during 
the  time  of  year  embraced  in  these  statistics.  Although  the  "cold"  season 
here  (it  was  not  below  55  degrees  the  past  winter)  causes  many  mild  or  even 
more  severe  cases  of  inflammation  of  the  upper  respiratory  tract,  judging  from 
this  series  it  does  not  lead  to  pneumonia  in  anj-  notable  number  of  cases.  The 
one  case  here  noted  was  in  a  man  of  forty  who  had  a  number  of  chronic  diseases 
with  the  pneumonia  as  somewhat  of  a  terminal  event.  It  was  of  the  type  known 
as  "central"  pneumonia. 

INTESTINAL  PARASITES 

The  cases  of  these  were  as  follows :  Hookworm,  1 :  Tapeworm.  1 :  Asearis 
lumbricoides,  2;  Entameba  histolytica,  17. 

The  hookworms  were  found  in  a  boy  of  sixteen,  who  had  marked  anemia  of 
all  his  organs.     One  asearis  was  found.     Examination  of  this  patient's  stools 
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when  admitted  to  the  hospital  showed  the  presence  in  his  intestines  of  liookwornis, 
ascaris,  strongyloides,  and  triehnris. 

The  tapeworm  was  found  in  tlie  intestine  of  one  of  the  subjects  of  tj-phoid 
fever.    It  was  the  saginata  in  t.ype. 

The  asearis  was  found,  in  addition  to  the  case  mentioned,  in  a  man  of 
sixty-two,  previously  described  as  the  patient  having  carcinomatous  change  in 
an  ulcer  of  the  stomach  and  suppurative  cholecystitis.  Two  worms  were  found 
in  the  stomach  and  four  in  the  common  bile  duct  and  liver.  The  latter  had  ap- 
parently wandered  into  the  liver  postmortem,  as  thei'e  was  no  evidence  of  lesion 
in  the  organ.  Infestation  by  this  parasite  is  world-wide,  but  it  is  especially  fre- 
quent in  the  tropics.  Ova  are  found  in  the  feces  of  many  of  the  patients  ad- 
mitted to  the  hospital  here. 

AMEBIC    COLITIS 

Tlie  fact  that  17  cases  of  amebic  dysentery  occurred  in  this  series  of  100  is 
sufficient  proof  of  the  prevalence  of  that  disease.  Of  these  cases,  10  were  men 
and  7  women.  The  lesions  in  the  colon  varied  from  superficial  necrosis  without 
ulceration  to  the  presence  of  many  large,  well-defined  ulcers  or  to  deep  necrosis 
of  the  entire  mucous  membrane  of  the  colon.  Perforation  occurred  in  two  cases 
but  adhesions  prevented  infection  of  the  peritoneum  in  one;  the  other  termi- 
nated in  death  from  peritonitis.  It  would  be  tedious  to  describe  all  these  cases 
but  three  may  be  briefly  cited  as  illustrations. 

One  of  the  striking  acute  cases  occurred  in  a  man  of  fifty-four.  He  was  ill 
12  days,  having  15  or  more  stools  daily.  Emetin  hypodermically  had  no  effect. 
At  postmortem  the  colon  was  found  involved  the  entire  length.  There  were 
numerous  ulcers  from  2  to  8  cm.  long.  Some  had  a  clean  base  of  red  tissue, 
others  were  partly  covered  by  necrotic  tissue.  In  some  segments  the  ulcers 
were  very  closely  placed,  in  others  separated  by  broad  patches  of  gray,  swollen 
necrotic  tissue.  Apparently  the  entire  mucosa  of  the  colon  had  either  been  lost 
by  ulcer  formation  or  had  become  necrotic  and  was  still  attached.  The  ulcers 
as  a  rule  were  not  excessively  deep  but  20  cm.  from  the  head  of  the  cecum  was 
one  4  cm.  in  diameter  that  had  a  base  of  yellow  or  brown  dead  tissue,  with  the 
peritoneal  surface  showing  the  same  color.  In  this  area  were  three  small  per- 
forations; around  them  were  adhesions  but  leakage  had  occurred  and  peritoni- 
tis developed.  Microscopic  sections  of  deep  ulcers  show  necrosis  of  the  sub- 
mucosa  or  even  into  the  muscle  coat.  In  the  deeper  necrotic  tissue  and  along  its 
junction  with  the  living  are  great  numbers  of  amebse.  This  case  is  an  example 
of  extensive  ulceration. 

Another  t.ype  of  involvement  was  found  in  a  woman  of  28.  The  wall  of 
the  cecum  was  thickened  and  the  whole  of  its  mucosa  yellow  or  greenish  in  color 
but  still  attached  and  quite  fii'm.  This  condition  became  gradually  less  marked 
further  down  in  the  colon.  At  points  were  a  few  shallow  ulcers,  but  ulceration 
was  not  at  all  a  feature.  Microscopically  necrosis  was  very  superficial  and 
amebffi  were  not  deep  in  the  wall.  The  submueosa  was  swollen  and  contained 
fibrin.  The  process  also  extended  15  cm.  into  the  ileum,  involving  the  mucosa 
uniformly  as  in  the  cecum,  and  ending  abruptly  in  a  perfectly  straight  line 
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entirely  around  the  intestine.  This  was  an  instance  of  superficnal  necrosis  of 
the  intestine  of  the  so-called  diphtheritic  or  gangrenous  type  with  very  little 
ulcer  formation. 

A  third  type  occurred  in  a  man  of  forty-four  years;  duration  of  disease 
one  month.  All  the  mucosa  of  the  colon  and  in  many  areas  the  submueosa 
also  was  necrotic  and  hanging  to  the  wall  as  soft  grayish-yellow  shreds.  There 
were  no  definite  ulcers  but  at  points,  especially  in  the  sigmoid,  the  dead  tissue 
was  easily  detached,  leaving  a  very  thin  wall.  Along  the  sigmoid  the  omentum 
was  adherent;  there  was  no  actual  perforation  but  this  was  evidently  immi- 
nent. At  many  places  in  the  deeper  layer  of  dead  tissue  were  small  areas  0.5 
to  1  cm.  in  diameter  of  yellow,  semifluid,  tenacious  substance  resembling  thick 
pus.  In  the  tip  of  the  cecum  the  necrosis  was  more  shallow  and  more  like  the 
diphtheritic  type.  This  same  condition  but  to  a  less  marked  degree  was  present 
in  the  lower  30  cm.  of  the  ileum.  Above  this  a  15  em.  segment  was  hyperemic, 
then  necrosis  for  15  cm.,  thus  making  the  lower  60  cm.  of  the  ileum  affected. 

These  three  cases  may  be  taken  as  types  or  illustrations.  The  first  was  one 
with  many  ulcers  of  various  sizes,  most  of  them  not  deep,  but  one  perforating. 
The  other  two  did  not  have  many  ulcers.  The  one  had  moderate  destruction 
of  tissue,  the  other  extensive  necrosis.  The  remaining  14  cases  showed  various 
degrees  of  involvement  of  the  colon,  most  of  them  having  ulcer  formation. 

It  will  be  noted  that  in  two  of  the  three  cases  cited  the  ileum  was  involved. 
A  third  case  with  lesions  in  the  ileum  was  in  a  woman  of  fiftj'-six  with  numerous 
ulcers  and  extensive  necrosis  of  the  colon.  The  lower  20  cm.  of  the  ileum  was 
affected  in  the  same  way  except  ulcer  formation  was  not  so  extensive.  This 
makes  three  of  the  17  cases  with  lesions  of  the  ileum,  a  larger  proportion  than 
the  literature  would  lead  one  to  believe  occurs.  Of  course  such  a  short  series 
cannot  be  taken  as  establishing  a  percentage  of  great  value. 

AMEBIC   ABSCESS   OF   THE  LIVER 

Three  of  the  cases  of  amebic  dj^sentery  were  complicated  by  abscess  of 
the  liver.    One  was  chronic,  the  others  were  in  the  acute  stage. 

The  chronic  abscess  was  in  a  man  of  forty.  The  hepatic  flexure  of  the 
colon,  the  duodenum,  and  the  right  kidney  were  adherent  to  the  liver.  Through 
these  adhesions  the  abscess  had  opened  into  the  duodenum  bj-  an  opening  2 
by  1.5  cm.  More  than  half  of  the  right  lobe  of  the  liver  was  occupied  by  a 
cavity  containing  thick  reddish  fluid.  The  wall  was  fairly  smooth,  of  necrotic 
liver  with  a  thick  layer  of  new  fibrous  tissue  beneath.  In  scrapings  from  the 
wall  were  motile  amebas.  The  lesions  in  the  colon  were  not  extensive.  A  seg- 
ment of  the  lower  sigmoid  was  studded  with  small  ulcers  a  few  millimeters  in 
diameter.    The  remainder  of  the  colon  had  onlj'  areas  of  congestion. 

One  of  the  acute  abscess  cases  was  in  a  man  of  51  years.  The  conditions 
present  were  misleading  and  the  appearance  of  the  lesions  in  the  liver  were  sug- 
gestive of  pyogenic  rather  than  amebic  origin.  The  man  had  gangrenous  ap- 
pendicitis with  periappendiceal  abscess  and  peritonitis.  In  the  liver  were 
three  cavities,  2  in  the  right,  one  in  the  left  lobe,  from  2.5  to  4  cm.  in  diameter 
and  filled  with  thick  yellow  fluid,  resembling  pus.    The  walls  M'ere  quite  thick 
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and  somewhat  rough,  the  only  jioiiit  ayuinst  the  supposition  that  the  abscesses 
were  metastatic  from  the  appendix.  Microscopically  the  abscesses  were  typically 
amebic,  including  many  amebse.  The  colon  liad  extensive  ulcerative  lesions  in 
which  were  small  numbers  of  amebse. 

The  third  case  of  amebic  abscess  of  the  liver  was  in  a  woman  of  thirty -three 
years.  She  had  shortly  before  been  delivered  of  a  dead  fetus,  had  repeated 
postpartum  hemorrhages,  and  exhibited  hemorrhagic  endometritis.  The  liver 
had  fatty  infiltration.  Throughout  the  organ,  but  especially  in  the  right  lobe, 
were  numerous  cavities  from  0.2  to  1.5  cm.  in  diameter  and  filled  with  thick, 
tenacious,  pale  yellow  fluid.  The  walls  were  rough  by  necrotic  tissue.  The 
colon  was  the  site  of  numerous  ulcers  in  its  whole  length.  Many  of  these  were 
at  the  summits  of  elevated  areas  the  basal  portion  of  which  was  occupied  by 
thick  yellow  fluid  like  that  in  the  liver  abscesses.  Sections  of  colon  and  liver 
abscesses  were  those  of  amebic  lesions. 

This  suppurative  appearance  of  early  amebic  abscesses  of  the  liver  in  the 
second  and  third  eases  as  opposed  to  the  large  abscess  in  the  first  with  its  char- 
acteristic chocolate-colored  fluid,  was  very  striking.  Clinical  experience  would 
indicate  that  when  abscesses  are  large  enough  to  give  symptoms  and  thus  be- 
come of  importance  from  a  diagnostic  standpoint,  they  contain  fluid  that  makes 
diagnosis  practically  certain.  The  different  appearance  of  the  small  ones  there- 
fore would  seem  to  be  of  pathologic  ratlier  than  of  clinical  interest. 

Many  other  flndings  in  these  postmortems  were  of  very  great  interest  but 
their  recital  would  make  tedious  what  has  been  intended  to  serve  as  a  brief 
indication  of  the  material  with  which  we  are  working.  A  vast  field  in  investi- 
gative tropical  medicine  is  here  waiting  to  be  tilled. 


A  CASE  OF  SPONTANEOUS,  ACUTE  AND  SUBACUTE  PEPTIC  ULCERS 
AND  CARCINOMA  OF  THE  THYROID  IN  A  DOG* 

By  F.  C.  ^Ia*xx,  M.D.,  Kochester,  ilixN. 


A  SPONTANEOUS  gastric  or  duodenal  ulcer  is  so  rare  that  it  may  be  of  value 
to  report  iiudiug  two  gastric  ulcers  of  differeut  degrees  of  chronieity  and  an 
acute  duodenal  ulcer  in  a  dog  with  carcinoma  of  the  thyroid.  The  older  gastric 
ulcer  did  not  show  signs  of  as  great  chronieity  as  the  peptic  ulcer  in  man,  but 
it  more  nearly  approached  such  a  lesion  than  any  ulcer  which  I  have  seen  in  an 
animal. 


DETAILED   PROTOCOL 

Dog  D  519.  An  old  male,  Boston  bull-terrier,  weighing  12.5  kg.,  was  brought 
to  the  laboratory  Feb.  27,  1920.  The  animal  was  very  thirsty  and  drank  a  large 
quantity  of  water  which  was  vomited  up  almost  immediately.  At  first  this  ex- 
ce.ssive  drinking  was  considered  responsible  for  the  vomiting.  The  vomiting 
continued,  however,  and  the  animal  ate  very  little ;  it  died  during  the  morning  of 
February  28. 

Necropsy  92  was  performed  shortly  after  death.  No  postmortem  changes 
had  occurred.     The  animal  was.  m  good  general  condition;  the  omentum  was 
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filled  with  fat  and  there  was  a  thin  layer  of  subcutaneous  fat.  The  animal  was 
very  old ;  the  teeth  were  worn  down  almost  to  the  gums  and  many  were  missing. 
However,  no  alveolar  abscesses  were  noted.  Tonsils  could  not  be  found.  The 
thyroid  glands  were  markedly  enlarged  and  nodular.  On  removal  they  appeared 
to  show  malignant  growth  throughout.  The  centers  were  degenerating  and  con- 
tained many  small  hemorrhagic  areas.  The  isthmus  of  the  thyroid  seemed  to 
be  present  and  projecting  from  it  down  into  the  upper  anterior  mediastinum 
was  a  large  growth  equal  in  size  to  the  lobes  of  the  thyroid.  Measurements  of 
these  lobes  were  as  follows :  the  right  thyroid  was  10  cm.  by  6  cm. ;  the  left  7  cm. 
by  4  cm.  and  the  substernal  portion  was  9  cm.  by  5  cm.     The  three  glands  ap- 


Fig.   2, — Photomicrograjih   of 


area  of  the  substernal  growth.     No 
of  the  carcinoma  cells.     Magnificati( 


the  thyroid-like 


ngenient   of  some 


peared  alike  grossly,  both  intact  and  on  section.  They  were  nodular,  the  surface 
quite  vascular,  and  on  section  they  showed  large  granular  nodules  interspersed 
with  many  large  and  small  hemorrhagic  areas  (Figs.  1  and  2). 

Each  lobe  of  the  lung  contained  from  three  to  eight  hard,  almost  spherical 
nodules,  measuring  from  4  mm.  to  3  cm.  in  diameter.  On  section  they  were 
quite  homogeneous  and  faintly  granular.  They  appeared  undoubtedly  to  be 
metastasis  (Figs.  3  and  4). 

The  abdominal  cavity  seemed  to  be  free  from  any  infection  and  at  first  no 
pathologic  condition  could  be  found  e.xeept  a  few  small  hemorrhagic  areas 
throughout  the  pancreas. 

The  kidneys  showed  a  slight  aiiidiint  oi'  iiepiirit is.  Tiiere  were  a  few  small 
sidenoinas  in  the  right  adrenal,  (irossly  the  splrcii,  Wvvv.  bladder,  and  prostate 
appeared  to  be  normal. 

WHien  the  stonuich  was  ojiened  a  large  indurated  ulcer  with  raised  edges 
was  found  2.5  cm.  from  the  pylorus.    This  ulcer  measured  8  mm.  by  15  mm.  and 
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extended  through  to  the  muscularis.  About  1  cm.  from  this  ulcer,  aud  an  equal 
distance  from  the  pylorus,  was  another  ulcer  about  4.  mm.  in  diameter.  This 
ulcer  was  more  acute  than  the  larger  ulcer,  its  walls  not  being  nearly  so  much 
indurated.     Another  ulcer,  about  12  mm.  in  diameter  was  found  just  beyond 


rig.   4.— Photo 


areas    of    the    lung.     Compar 
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the  pyloric  ring,  in  the  duodenal  mucosa ;  it  had  perforated  the  entire  duodenal 
wall,  but  was  sealed  with  a  thin  layer  of  gastrohepatie  omentum ;  below  this  was 
an  edge  of  the  pancreas  and  the  edge  of  a  lobe  of  the  liver.  The  seal  was  broken 
while  the  stomach  was  being  pulled  up  gently,  showing  the  ulcer  perforated  into 
the  lesser  peritoneal  cavity,  but  no  infection  was  noted  (Figs.  5,  6,  and  7).  The 
liver  showed  no  evidence  of  metastasis,  and,  with  the  exception  of  a  submaxillary 
lymph  node,  no  otlier  evidence  of  malignancy  was  found  elscwliere  in  the  body. 


Fig.   5. — Drawing  of  a  location 
mucosa  has  a  hard  indurated  base 
forated    the  duodenal    wall. 


The  larger  ulcer  of  the  gastric 
has  completely  per- 


Fig.  6. — Photomicrograph  of  one  edge  of  the  larger  gastric   ulcer.     Note  the  overhanging  edge  of  the   ulcer 
and  the  layer  of  necrotic  cell  debris  at  the  base.     Magnification  x9. 
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JIICROSCOPIC    EXAMIXATIOX 

Microscopic  examinatiou  of  sections  of  each  of  the  three  thyroid  specimens 
showed  carcinomatous  changes.  The  metastasis  in  the  lungs  also  was  rather 
characteristic  of  a  carcinoma  of  the  thj'roid.  Histologic  sections  of  the  ulcers 
showed  the  picture  characteristic  of  such  conditions.  The  ulceration  in  the 
acute  duodenal  ulcer  was  clean-cut,  the  walls  appearing  almost  as  though  cut 
by  a  knife.  There  was  but  .slight  reaction  around  the  edge  of  the  ulcer  which 
penetrated  all  coats  of  the  duodenum.  The  appearance  of  the  larger  gastric 
ulcer  was  more  suggestive  of  chronicity.  It  had  an  overhanging  edge  of  mucosa 
and  the  base  was  covered  with  necrotic  cell  debris.     Hemorrhagic  areas  were 


f'g-    "• — Pliotomicrograi)h    of   the    base    of    the    ulcer   shown    in    Fig. 
connective   tissue.       Magnification 


Note    the    proliferati- 


found  in  the  muscularis  at  tlie  base.  The  connective  tissue  around  the  edge 
and  at  the  base  had  begun  to  proliferate  and  had  undoubtedly  produced  the 
induration  which  could  be  felt  on  palpation. 

The  development  of  the  ulcers,  it  might  be  rea.soned,  followed  embolic  plug- 
ging by  carcinoma  cells  of  the  blood  vessels  supplying  the  areas  involved.  How- 
ever, there  was  no  evidence  of  malignant  cells  in  the  stomach,  and  the  fact  that 
metastasis  could  be  found  nowhere  but  in  tlie  lungs  mitigates  against  such  a 
theory. 


LABORATORY  METHODS 


A  SIMPLE  METHOD  FOR  THE  REMOVAL  OF  NATURAL  AMBOCEPTOR 
FROM  HUMAN  SERA* 


By  R.  L.  Kahn,  Sc.D.,  Lansing,  Mich. 


INTRODUCTION 


JUDGING  from  recent  discussions  on  the  removal  of  natural  amboceptor  from 
human  sera,  it  appears  that  the  problem  involved  is  not  whether  the  removal 
of  amboceptor  is  essential  for  correct  Wassermann  tests — this  it  seems  is  quite 
established — but  the  fact  that  there  apparently  exists  no  simple  method  for 
removing  amboceptor  which  meets  the  requirements  of  laboratories  performing 
large  numbers  of  tests  daily. 

The  work  of  Ottenberg/  Simon,-  and  others,  and  more  recently  that  of 
Kolmer  and  Rule,^  definitely  proves  tlie  importance  of  removing  natural  ambo- 
ceptor from  the  patients'  sera  in  the  Wassermann  test.  Olmstead's*  contention 
that  if  the  tests  are  read  as  soon  as  the  controls  show  complete  hemolysis,  in- 
stead of  after  keeping  them  in  the  ice  box  overnight,  that  the  presence  of  natural 
amboceptor  is  likely  to  be  insignificant,  is  in  part  corroborated  by  Kolmer  and 
Rule.  These  investigators  report  only  a  very  small  per  cent  of  false  negatives 
due  to  natural  amboceptor  when  reading  the  tests  as  soon  as  the  controls  haemo- 
lyze.  Granting  that  the  factor  of  error  is  not  more  than  one  per  cent,  it  is 
evident  that  no  laboratory  can  afford  to  permit  this  error  to  enter  in  its  daily 
work. 

The  problem  involved,  however,  as  was  indicated  above,  appears  to  be  the 
fact  that  there  is  no  method  for  amboceptor  removal  which  is  sufficiently  practi- 
cal to  render  it  widely  applicable  in  routine  Wassermann  laboratories.  To 
quote  Von  Wedel,'^  "all  methods  of  removing  the  natural  antisheep  amboceptor 
are  probably  too  time-consuming  for  a  routine  diagnostic  laboratory  to  perform 
when  large  numbers  of  sera  are  examined  each  day."  Kolmer  and  Rule  also,  in 
discussing  this  phase  of  the  question,  state  that  "All  methods  for  the  removal 
of  antisheep  hemolysin  are  too  time-consuming  and  laborious  for  routine  ab- 
sorption of  all  sera  «  *  *  when  the  examination  of  fifty  or  more  sera 
constitutes  an  ordinary  day's  work." 

The  proposed  method  for  the  removal  of  natural  amboceptor  from  the  pa- 
tints'  sera,  has  been  applied  to  10,000  Wassermann  tests  and  in  our  opinion 
meets  the  requirements  of  laboratories  ]ierforming  large  numbers  of  tests  daily. 
In  this  laboratory  with  about  70  to  130  daily  examinations,  the  element  of  delay 
produced  by  our  amboceptor  removal  method,  is  practically  negligible.  Al- 
though some  theoretical  phases  of  our  procedure  are  still  under  investigation, 
we  nevertheless  feel,  in  view  of  the  above  quotations,  that  it  would  be  well  to 
present  our  method  at   tliis  time. 


nf    l.alinratorics,    Michigan    ncpartiiicnl    <if  Ilialtli,    Lansing.   Michigan. 
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THE    METHOD 

The  method  is  based  ou  the  well-known  affinity  of  sheep-cells  for  antisheep 
amboceptor,  and  consists  of  adding  packed  sheep-cells  to  inactivated  serum  in 
the  proportion  of  one  drop  per  c.c.  of  serum,  and  permitting  the  extraction  to 
take  place  for  10  minutes  at  room  temperature. 

In  applying  this  simple  procedure,  the  following  factors  are  to  be  con- 
sidered. The  packed  sheep-cells  employed  are  part  of  the  same  cells  which, 
after  proper  dilution,  are  used  in  making  the  sheep-cell  suspension  for  the 
Wassermann  tests.  A  quantity  of  sheep-cells  are  washed  daily  with  a  view  of 
having  several  extra  c.c.  of  packed  cells  for  the  absorption  of  amboceptor.  The 
drop  employed  is  somewhat  smaller  than  ordinary  size,  comprising  25  to  30 
drops  per  c.c. 

As  soon  as  the  serum-tubes  are  taken  out  of  the  inactivating  bath,  they  are 
lined  up  in  such  a  manner  that  variations  in  quantities  of  the  sera  may  be  easily 
observable.  A  drop  of  packed  sheep-cells  is  then  placed  in  each  tube  containing 
approximately  one  c.c.  and  shaken  gently.  To  those  tubes  containing  less  than 
one  c.c,  a  part  of  a  drop  is  permitted  to  touch  the  inner  side  of  the  tube  and  the 
serum  brought  in  contact  with  the  cells  by  slightly  .slanting  the  tube. 

Just  as  soon  as  cells  have  been  added  to  all  the  sera,  the  tubes  are  immedi- 
ately placed  in  centrifuge  holders;  balanced,  and  placed  in  the  centrifuge.  By 
this  time,  the  ten  minute  extraction  period  is  usually  completed ;  the  centrifuge 
is  then  started  and  permitted  to  run  from  6  to  8  minutes.  During  this  centri- 
fugation  period,  a  series  of  clean  tubes  are  numbered  corresponding  to  those 
which  are  in  the  centrifuge.  After  centrifugation,  the  clear  supernatant  sera 
are  poured  into  the  newly  numbered  tubes  and  are  ready  for  use  in  the  Wasser- 
mann tests. 

DISCUSSION 

For  an  amboceptor  removal  method  to  have  wide  acceptance,  it  must  first 
be  of  proved  efficacy;  second,  it  must  not  render  the  sera  anticomplementary 
and  third,  it  must  not  be  unduly  time-consuming. 

1.  The  efficacy  of  this  simple  procedure  is  based  on  studies  carried  out  in 
this  laboratory  on  the  rate  of  absorption  of  amboceptor  by  packed  sheep-cells 
at  various  temperatures.  A  complete  report  of  these  studies  will  be  presented 
in  another  paper.  Suffice  it  to  say  in  this  connection,  that  it  was  observed  that 
if  an  ordinary  sized  drop  of  packed  sheep-cells  is  added  to  1  c.c.  of  serum  con- 
taining 200  units  of  amboceptor  that  this  small  quantity  of  blood  will  absorb 
as  many  as  160  units  of  amboceptor  in  5  minutes  at  room  temperature.  The 
employment,  therefore,  of  a  ten  minute  absorption  period  in  our  procedure, 
gives  a  sufficient  margin  of  safety  for  the  absorption  of  far  more  amboceptor 
than  is  likely  to  be  present  in  human  serum. 

We  have  further  tested  the  dependability  of  our  simple  method  in  the 
following  manner:  After  fixation  of  complement  by  serum  and  antigen  in  our 
regular  Wassermann  tests,  sheep-cells  were  added  (without  amboceptor)  and 
incubated  in  the  water-bath  at  37°  C.  for  10  minutes  (Kaliski  procedure). 
Natural  amboceptor,  if  present,  would  thus  have  had  ample  time  to  produce 
hemolysis  of  the  cells.     We  have  not,  however,  observed  a  single  instance  of 
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hemolysis — not  even  in  the  smallest  degree — in  300  such  tests  carried  ont  at 
different  times,  thus  proving  the  efficacy  of  this  procedure. 

It  might  be  added  that  in  our  opinion,  the  slight  dilution  produced  by  a 
drop  of  packed  cells  in  1  c.c.  of  serum,  does  not  affect  the  accuracy  of  the  test. 
The  cells  are  packed  down  by  centrifugation  for  14  minutes  at  1600  r.  p.  m.  and 
if  the  drop  to  begin  with,  is  about  y2o  of  a  c.c.  the  amount  of  saline  which  re- 
mains with  the  serum,  may  safely  be  considered  negligible. 

2.  It  is  well  known  that  sera  acquire  anticomplementary  properties  after 
prolonged  extraction  with  red  cells  at  incubator  temperature,  and  in  order  to 
overcome  this  property,  Rossi''  suggested  a  procedure  for  amboceptor  absorption 
at  low  temperature.  This  worker  employed  chilled  centrifuge  tubes,  chilled 
corpuscles,  and  centrifuged  in  the  cold  (during  warm  weather)  after  keeping 
the  extraction  mixture  in  the  ice  chest  for  30  minutes.  The  difficulty  of  apply- 
ing this  method  on  a  comparatively  large  scale,  is  very  evident. 

In  our  studies  on  the  rate  of  absorption  of  amboceptor  by  sheep-cells,  re- 
ferred to  above,  we  have  observed  the  occasional  development  of  slight  anti- 
complementary properties  after  a  thirty  minute,  but  not  after  a  ten  minute  ex- 
traction period.  This  anticomplementary  phase  of  our  procedure  is  still  under 
investigation,  but  there  is  every  indication  that  a  room  temperature  extraction 
lasting  only  10  minutes,  is  not  sufficient  for  the  development  of  anticomple- 
mentary jDroperties. 

3.  Regarding  the  time-consuming  element  of  our  procedure,  we  find  that 
it  takes  less  than  five  minutes  to  add  100  drops  of  sheep-cells  to  the  same  num- 
ber of  serum  tubes;  10  minutes  to  balance  the  tubes  for  centrifugation;  10 
minutes  for  centrifugation,  and  10  minutes  to  pour  the  supernatant  clear  sera 
in  other  tubes.  These  steps  are  carried  out  by  one  worker,  while  another  is 
looking  after  the  dilution  and  titration  of  complement.  It  is  thus  evident  that 
the  delay  produced  by  this  absorption  procedure  in  the  completion  of  the  daily 
tests,  is  quite  insignificant. 
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LACTOSE— DETERMINATION  OF  IN  MILK  BY  COLORIMETRIC 
METHOD* 


By  R.  G.  Owen,  M.D.,  and  Roth  Gregg,  Detroit,  Mich. 


T^  OLIN  AND  McELLROy  have  described  a  titration  and  a  colorimetrie 
^  metiiod  for  the  detei-miiuition  of  lactose  in  cow's  and  human  milk,  both  of 
which  give  quite  accurate  results.     In  a  later  jiaiier,  Folin  and  Peck-  give  more 
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elaborate  direetious  for  the  preparation  of  the  reagents  used  in  the  titration 
method.  Pacini  and  RusselP  have  likewise  described  a  colorimetric  determina- 
tion of  lactose.  All  these  authors  make  use  of  picric  acid  as  a  protein  precipi- 
tant. 

In  their  system  of  blood  analysis  Folin  and  Wu*  have  developed  the  use 
of  tungstic  acid  as  a  protein  precipitant,  and  as  the  use  of  their  reagents  and 
methods  have  come  into  cjuite  universal  use  it  occiirred  to  us  that  the  use  of 
these  same  reagents  and  technic  might  simplify  the  determination  of  lactose  in 
samples  of  breast  milk. 

Our  method  is  simply  an  adaptation  of  Folin 's"'  latest  blood  sugar  determina- 
tion to  the  estimation  of  lactose.     The  reagents  used  are  those  described  by  Folin. 


To  1  c.e.  of  milk  iu  a  100  c.e.  flask  add  2  e.e.  of  10  per  cent  sodium  tungstate 
and  2  c.e.  of  73  normal  sulphuric  acid,  the  latter  drop  by  drop.  Mis  and  let 
stand  5  minutes.  Dilute  to  100  c.e.  and  filter.  We  find  that  2  c.e.  each  of  tungs- 
tate and  acid  give  clearer  filtrates  than  where  only  1  c.e.  of  each  is  used. 

Place  in  a  Folin  special  sugar  tube  1  c.e.  of  filtrate  and  1  c.e.  of  water,  to 
balance  volume  in  tube,  add  2  c.e.  respectively  of  standards  A  &  B  to  two  other 
sugar  tubes.  To  the  unknown  and  the  standards  add  2  c.e.  of  alkaline  copper  so- 
lution and  place  in  boiling  water  6  minutes.  Place  tubes  in  cold  water  until 
cooled,  then  add  2  c.e.  of  Folin  molybdate  phosphate  solution  and  let  stand  a  few 
minutes. 

Dilute  the  three  solutions  to  25  e.c,  mix  and  read  iu  the  colorimetei-,  iising 
that  standard  which  most  nearly  matches  the  imknown  and  setting  the  standard 
at  20. 

Standards.  Make  up  an  accurate  1  per  cent  lactose  solution  iu  distilled 
water  using  purified  lactose.  We  have  obtained  our  lactose  fi'om  the  Digestive 
Ferments  Co.,  Detroit,  Mich.  Add  a  little  toluol.  We  have  found  that  this 
stock  solution  keeps  well  for  several  mouths.  Standard  1,  of  which  2  c.e.  con- 
tains 0.5  mg.  lactose  is  made  by  diluting  12.5  c.e.  of  the  1  per  cent  stock  lactose 
solution  to  500  c.e.  Standard  2,  containing  0.7  mg.  per  2  c.e.  is  made  by  diluting 
17.5  e.c.  of  the  1  per  cent  solution  to  500  e.e.  Preserve  these  solutions  with 
toluol  and  make  up  fresh  about  once  a  month. 

X  5,  if  standard  1  is  used,  or  times  7  unknown  reading 


Standard  Readiiu/ 


I'nknown  Reading 

if  Standard  2  is  the  one  selected  will  give  the  grams  of  lactose  per  100  c.e.  of 
milk. 

Figures  obtained  by  the  above  method  of  estimating  lactose  check  very  well 
with  the  Folin  titration  method.  Moreover,  lactose  added  to  various  samples 
of  milk  can  be  quantitatively  recovered  to  within  a  few  milligrams. 
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A  SIMPLE  SHAKING  DEVICE 

By  J.  P.  Baumberger,  Stanford  University,  California 


RECENTLY  we  had  occasion  to  make  an  impi-omi)tu  shaking-  device  which 
has  proved  very  satisfactory.  The  apparatus  makes  use  of  a  discarded  f oot- 
driveu  machine  similar  in  structure  to  a  sewing  machine.  As  much  foot-driven 
apparatus  is  available  in  laboratories,  or  can  be  readily  obtained  for  a  song, 
we  believe  the  following  description  will  not  be  amiss: 

An  old  color-mixing  bench  formed  the  principal  part  of  the  apparatus. 
The  driving  rod  {E,  Fig.  1),  of  the  bench,  extending  from  the  foot -pedal  to  the 
crank-shaft  (Z>)  was  disconnected  from  the  pedal  and  fastened  with  strap  iron 
{F)  to  the  middle  of  the  upper  edges  of  the  end  and  partitions  of  a  box  (G). 


The  driving  rod  is  prevented  from  turning  by  an  iron  rod  at  one  end  as  shown 
at  {F).  The  driving  rod  thus  served  as  an  arm  suspending  the  box  from  the 
crank  shaft,  while  the  other  end  of  the  box  rested  on  two  greased  runners  (//) 
at  a  convenient  height.  It  should  be  noted  that  the  driving  rod  is  fixed  firmly 
to  the  box  and  not  with  a  flexible  joint  as  in  some  devices  on  the  market,  and 
this  (former)  system  makes  a  more  effective  shaker.  The  grooved  drive  wheel 
(C)  of  the  machine  was  then  belted  {B)  lo  the  ]iulley  of  a  motor  {A)  and  the 
apparatus  was  complete.  Upon  turning  the  drive  wheel  the  crank-shaft  gives 
the  box  a  forward,  upward,  backward,  and  downward  motion  which  is  very  ef- 
fective in  shaking  the  contents  of  flasks,  etc.,  which  may  be  packed  in  excelsior 
ill  the  box.  The  section  of  the  box  nearest  the  crank-shaft  is  most  vigorously 
shaken  and  the  third  section  only  gently  agitated. 
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DETERMINATION  OF  COAGULABLE  PROTEIN  IN  SERUM^ 


By  W.  X.  Berg,  Ph.D.,  Washixgtox,  D.  C. 

THEORETICALLY,  the  determinatiou  of  total  eoagulable  proteiu  iu  serum 
or  a  similar  material  is  simple.  It  is  only  necessary  to  dilute  the  serum  with 
about  20  volumes  of  water,  add  dilute  acid  to  neutrality,  heat  to  the  boiling 
point  and  the  eoagulable  proteiu  is  precipitated  in  large  floeculi  which  makes 
subsequent  filtration  easj-.  The  jirecipitate  is  weighed  after  drying  to  "con- 
stant" weight.  In  actual  practice  the  numerous  sources  of  error  lead  to  the  use 
of  indirect  methods;  for  example,  the  protein  content  of  a  serum  is  determined, 
by  the  use  of  the  ref ractometer ;  the  nephelometer,  etc.  For  a  discussion  of 
these  methods  see  Robertson.^  The  method  of  filtering  the  coagulated  protein 
on  to  weighed  filter  papers,  and  weighing  the  dried  precipitate  plus  the  paper  in 
weighing  bottles,  as  described  by  Berg-  is  open  to  two  objections  as  previously 
pointed  out:  (1)  the  difficulty  of  drying  filter  paper  and  coagulated  protein  to 
constant  weight  in  such  fashion  that  while  water  is  being  driven  o&,  oxidation 
shall  not  take  place ;  (2)  the  method  requires  comparatively  large  quantities  of 
serum,  i.e.,  5  or  10  c.c.  This  is  more  than  is  available  in  many  immunologic 
studies. 

A  method  was  desired  that  confoi'med  to  the  following  requirements:  (1) 
it  must  be  direct,  so  far  as  the  eoagulable  proteiu  is  actually  coagulated,  dried 
and  weighed;  (2)  a  single  determination  must  be  possible  in  a  small  quantity 
of  serum,  i.e.,  0.50  c.c. ;  (3)  the  eoagulable  protein  obtained  and  weighed  must 
represent  the  actual  total  eoagulable  protein  in  the  original  sample  with  a  high 
degree  of  accuracy.  The  method  herein  described  meets  these  requirements. 
Considering  the  results  obtained,  its  advantages  over  other  methods  justifies 
its  use. 


One  c.c.  pipets  graduated  into  0.01  c.c,  were  used  for  measuring  the  0.50 
c.c.  portions  of  serum  used  in  a  single  determination.  The  length  of  these  pipets 
between  the  0  and  1.00  c.c.  marks  was  approximately  250  mm.,  so  that  reading 
the  pipet  to  a  small  fraction  of  0.01  c.c,  was  not  difficult.  These  pipets  were 
specially  made ;  because  the  usually  graduated  pipets  have  the  0.01  c.c.  divisions 
too  close  together.  An  error  in  measurement  of  0.01  c.c.  of  serum  is  unnecessaiy 
with  properly  made  pipets.    All  were  standardized  by  the  Bureau  of  Standards. 

The  question  naturally  arises  whether  a  pipet  of  the  Mohr  type,  which  will 
deliver  1.00  c.c.  of  water  will  deliver  1.00  c.c.  of  serum  which  is  much  more 
viscous  tlian  water.  The  following  results  were  obtained  from  three  concordant 
weighings  of  water  and  serum  delivered  bj'  a  1.00  and  5.00  c.c.  pipet;  the 
sample  of  Berkefeld  filtered  norisal  horse  serum  had  a  specific  gravity  of  1.0354 

•From  the  Pathological  Division,  Bureau  of  Animal  Industry,  United  States  Department  of  Agri- 
culture. 
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at  30°  C,  and  contained  0.0752  grams  solids-not-ash  in  1.00  c.e.  One  c.e.  pipet 
No.  19814  delivers  0.994  c.e.  water  at  20°  C,  according  to  Bureau  of  Standards 
certificate.  This  pipet  delivered  0.990  c.e.  water  or  0.979  c.e.  serum  at  32°  C. 
Similarly,  5  c.e.  pipet  No.  19820,  certified  to  deliver  5.010  c.e.  water  at  20°  C, 
delivered  4.985  c.e.  serum  at  30°  C.  The  observed  difference  between  the  volume 
of  water  and  serum  delivered  in  the  1.00  c.e.  pipet,  i.e.,  0.994-0.979  or  0.015  c.e, 
was  for  unrestricted  outflow ;  because  the  pipets  are  calibrated  that  way.  But  in 
actual  measurement  of  serum  for  analysis,  the  outflow  is  restricted  somewhat,  so 
that  delivery  is  slow ;  this  makes  for  accurate  reading  of  the  pipet  and  diminishes 
the  error  due  to  viscosity.  For  all  practical  purposes  the  volume  of  serum  de- 
livered for  a  single  determination,  i.e.,  0.50  c.e,  differs  from  0.50  c.e.  by  a 
negligible  amount.  The  weighings  were  made  in  glass-stoppered,  weighing 
bottles  and  corrections  were  made  for  loss  by  evaporation:  this  amounted  to 
from  2  mgs.  in  30  seconds  to  6  mgs.  in  3  minutes. 

CENTRIFUGE  TUBES 

These  were  heavy-glass,  bacteriologic  test  tubes  without  lip ;  outer  dimen- 
sions, length  95  mm.,  diameter,  17  mm.,  avei-age  weight  11.5  grams;  maximum 
capacity  13-15  c.e. ;  numbered  consecutively  with  hj'drofluoric  acid.  Before  use 
these  were  cleaned  in  hot  sulphuric-acid,  potassium-bicliromatic  mixture,  rinsed 
in  distilled  water,  dried  at  100°  C.  and  kept  in  a  dessicator  till  needed.  The 
same  tubes  can  be  used  repeatedly ;  between  determinations  their  weights  did  not 
vary  more  than  0.1  or  0.2  mg.  Some  of  the  tubes  lost  no  weight  after  ten  treat- 
ments with  acid-bichromate  mixture.  Such  tubes  are  much  more  constant  in 
weight  than  dry  tilter  papers;  they  are  quickly  weighed  to  a  0.1  mg.  and  are 
not  hygroscopic.  As  an  example,  Tube  No.  10,  weighed  oi'iginally  12.4946  grams, 
did  not  weigh  less  than  12.4944  or  more  than  12.4948  grams  during  the  course  of 
11  weighings  and  10  treatments  with  acid  bichromate  mixture  in  three  years. 
None  showed  greater  variation.  Twenty-four  is  a  convenient  number  to  have 
on  hand. 

CENTRIFUGE 

This  -was  a  medium-sized,  motor-driven  centrifuge,  head  approximately  180 
mm.  in  diameter,  carrying  8  tubes.  It  was  run  at  2400  revolutions  per  minute 
for  20  to  25  minutes  during  a  determination. 

COAGULATING  THE  PROTEIN 

The  samples  of  serum,  taken  from  the  refrigerator  arc  allowed  to  come  to 
room  temperature.  Determinations  should  be  made  in  triplicate.  Into  each  of 
three  clean,  weighed  tubes,  pipet  0.50  c.e,  of  the  sample.  Obviously  the  greatest 
care  should  be  used  to  avoid  error  in  measurement.  From  a  buret  measure  9 
c.e.  distilled  water  into  each  tube. 

The  object  of  the  following  procedure  is  to  gradually  neutralize  the  alka- 
linity of  the  serum  with  dilute  acetic  acid,  aided  by  heat,  and  to  coagulate  the 
protein  by  bringing  to  a  boil  after  neutralization  is  effected.  In  this  way  hydrol- 
ysis of  protein  by  acid  or  alkali  is  avoided. 
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From  0.7  to  1.0  c.c.  n/50  acetic  acid  are  usually  required  for  maximal  pre- 
cipitation of  protein  in  0.50  c.c.  serum.  Heat  the  tube  over  a  small  Buuseu  flame 
until  the  tube  is  hot  to  the  hand,  but  the  contents  do  not  approach  a  boil.  Add 
the  n  '50  acetic  acid,  at  first  trying  0.2-0.3  c.c.  A  precipitate  should  form  which 
will  dissolve  on  rotating  the  tube,  giving  the  contents  an  opalescent  appearance. 
Add  0.2-0.3  c.c.  more  acid;  each  addition  of  acid  precipitates  protein  which 
wiU  redissolve  when  the  tube  is  rotated,  so  long  as  the  amount  of  acid  added 
is  insufficient  for  complete  precipitation.  Heat  the  tube  after  each  addition 
of  acid,  but  do  not  approach  a  boil.  As  the  amount  of  added  acid  is  increased, 
the  contents  become  more  and  more  milk^-,  until  presenth-  the  protein  floccu- 
lates. This  can  be  easUy  observed.  Add  no  more  acid ;  heat  the  tube  almost  to 
a  boU,  let  stand  a  few  minutes.  Time  required  for  flocculating  one  tube  is  about 
5  minutes. 

Some  Typical  Analyses 


DESCRIPTIOX    OF 
PRODUCT 

USED  IN 
EXP.   NO. 

1 

DATE     OF      DETERMINA- 

MILLIGRAJIS     OF     COAGUL- 

C.c.  N/50 

TIOX      OP     COAGULABLE 
PROTEIN 

ABLE     PROTEIN     ACTUALLY 
WEIGHED    FROM    0.50     C.C. 

ACETIC     ACID 
USED 

Tetanus  antitoxin 

20 

Aug.   8,   1917 

31.2 

0.1 

420  F 

31.9 
32.1 

0.1 
0.1 

21 

Oct.   12,   1917 

32.5 
32.6 

0.1 

0.1 

3 

Apr.  1,  1920 

28.4 
31.9 

0.45 
0.55 

3 

May  6,  1920 

28.8 
30.0 
31.1 

0.15 
0.15 
0.10 

Tetanus  plasma   9588 

4 

Apr.  20,  1920 

28.4 
29.8 
36.0 

1.1 
1.0 
1.1 

4 

Apr.    23,    1920 

33.0 
41.0 
42.9 

1.2 
1.2 
1.2 

4 

June    9,   1920 

44.2 
44.8 

45.4 

1.3 
1.3 
1.3 

Tetanus   serum   2030 

5 

May  28,  1920 

39.7 
39.8 
40.1 

0.8 
0.9 
0.8 

5 

June  12,  1920 

39.2 
40.5 
40.6 

0.7 
0.8 
0.8 

Diphtheria  serum 

9 

June   29,    1920 

33.1 

0.7 

2401 

33.2 
33.1 
35.1 
35.7 
35.3 
35.9 
36.0 

0.7 
0.8 
0.8 
0.8 
0.9 
0.9 
0.9 

When  precipitation  is  maximal  the  supernatant  fluid  is  water  clear.  If 
there  is  anj-  cloudiness  or  opalescence,  this  is  an  indication  that  maximiun  pre- 
cipitation has  not  been  obtained.  In  such  a  case  add  0.1  to  0.2  c.c.  n/50  acetic 
acid,  and  heat  for  a  minute.    Sometimes  this  improves  the  result.    Eotating  the 
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tube  SO  that  the  large  floeeuli  mix  ^\^th  the  fluid  seems  to  improve  matters  by 
enabling  the  larger  floeeuli  to  pick  up  mechanically  very  small  particles  of  eoagu- 
lum.    Obviously,  the  second  and  third  tubes  will  generally  give  better  results. 

The  tubes  are  centrifuged  for  20  minutes  at  2400  revolutions  per  minute. 
The  coagulated  protein  packs  firmly  to  the  bottom  of  the  tube.  After  ceutrifug- 
ing,  the  supernatant  fluid  is  poured  off:  the  tubes  may  be  inverted  without  loss 
of  coagulum.  The  reaction  of  the  supernatant  fluid  in  several  determinations 
was  found  to  be  Ph  =  6.6,  showing  that  the  precipitation  took  place  in  the  pres- 
ence of  but  traces  of  acid.  Allow  the  tubes  to  drain  well.  The  outsides  of  the 
tubes  are  cleaned  by  immersing  them  to  about  %  of  their  height  in  strong  sul- 
phuric-acid, bichromate  mixture,  rinsing  and  drying  with  a  towel. 

The  tubes  are  transferred  to  a  vacuum  desiccator  and  dried  for  48  hours  at 
room  temperature;  weighed,  dried  for  a  second  48  hours  and  again  weighed  to 
0.1  milligram.  The  drying  period  may,  however,  be  shortened.  When  the  des- 
iccator contains  fresh  acid,  drying  overnight  generally  gives  a  result  that  for 
practical  purposes  is  correct.  Further  dryiug  generally  results  in  the  loss  of  a 
fraction  of  a  milligram.  In  every  case  constancy  of  weight  was  ascei'tained  by 
at  least  two  weighings. 

The  weights  of  coagulable  protein  in  the  subjoined  table,  tyi^ieal  of  many 
others  are  the  differences  between  the  weights  of  the  tubes  and  the  tubes  plus 
precipitate  dried.  When  cleaned  in  bichromate  mixture,  washed,  dried  and 
weighed,  the  tubes  are  ready  for  the  next  determination. 

Precipitates  obtained  from  tubes  containing  a  cloudy  or  milky  supernatant 
fluid  are  invariably  low  and  must  be  rejected.  As  the  figures  in  the  subjoined 
table  show,  the  technic,  properly  used,  will  give  results  on  the  same  sample  that 
differ  from  one  another  by  only  a  fraction  of  a  milligram. 

SOLIDS-NOT-ASH 

It  Avas  considered  desirable  to  ascertain  what  part  of  the  total  solids-not-ash 
in  serum  was  precipitated  by  acetic  acid  in,  the  determinations  of  coagulable 
protein.    The  solids-not-ash  was  determined  as  follows : 

Duplicate  portions  of  1.00  c.c.  of  the  serum  were  pipetted  into  small  por- 
celain crucibles.  These  were  transferred  to  a  vacuum  desiccator  and  dried  at 
room  temperature  to  constant  weight.  This  gave  the  weight  of  total  solids. 
The  crucibles  were  then  transferred  to  an  electrically  heated,  muffle  furnace  and 
the  contents  ignited  at  a  low  red  heat.  Weight  of  total  solids  minus  weight  of 
ash  gave  solids-not-ash.  These  determinations  can  be  carried  out  very  accurately 
and  involve  no  difficulty. 

In  nine  series  of  determinations,  on  the  products  mentioned  in  the  Table, 
the  coagulable  protein  precipitated  by  acetic  acid  amounted  to  an  average  of 
91.4  per  cent  of  llic  solids-not-ash;  the  extremes  were  89.2  and  94.2  per  cent. 
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EDITORIALS 


Blood  Sugar  Tolerance  in  Cancer  and  in  Hypertension 

THEEE  is  no  doubt  that  there  are  serious  difficulties  in  diagnosis  of  gastro- 
intestinal carcinoma,  and  that  this  is  especially  true  of  diagnosis  in  the  early 
stages  of  malignancy.  So,  say  Friedenwald  and  Grove,  in  spite  of  our  modern 
methods  of  investigation,  the  diagnosis  in  many  instances  remains  obscure  often 
vmtil  late  in  the  progress  of  the  disease  and  is  frequently  not  revealed  until  ex- 
ploratory incision  establishes  the  true  nature  of  the  affection.  Any  additional 
help  therefore  which  may  lead  to  the  solution  of  this  difficult  problem  cannot 
but  be  of  the  greatest  value.  In  the  blood  sugar  tolerance  test  these  authors  be- 
lieve there  has  been  added  a  procedure  of  real  value. 

The  test  is  carried  out  in  the  following  manner:  After  a  night's  fast  100 
grams  of  dextrose  dissolved  in  300  c.c.  of  black  coffee  is  given  the  patient.  Just 
before  this  is  given,  blood  is  taken  for  a  sugar  test,  and  this  procedure  is  re- 
peated 45  minutes  and  120  minutes  after  the  ingestion  of  the  sugar.  The  urine 
may  be  tested  for  sugar  120-180  minutes  after  the  glucose  meal,  biit  is  not  essen- 
tial. 

The  writers  point  out  that  Freund,  in  1885,  showed  that  there  is  always  a 
hyperglycemia  in  carcinoma  eases,  and  that  there  is  none  in  sarcoma  cases. 

227 


228  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

Later,  Triukler  concluded  that  hyperglycemia  is  always  present  in  carcinoma 
cases,  and  that  in  carcinoma  of  the  internal  organs  this  was  of  greater  degree 
than  in  carcinoma  of  the  skin  or  mncous  membrane.  He  also  pointed  out  that 
there  was  no  relation  between  the  hyperglycemia  and  cachexia.  Rohdenburg, 
Bernhard  and  Krehbiel  were  the  first  to  make  careful  investigations  on  sugar 
tolerance  in  cancer,  and  they  showed  that  while  a  normal  individual  gives  an  in- 
crease in  the  blood  sugar  which  reaches  its  maximum  in  45  minutes  and  which 
then  gradually  falls  to  normal,  the  cancerous  person,  beginning  with  a  normal 
blood  sugar,  shows  a  rise  in  45  minutes,  after  which  time  it  may  continue  to  rise 
or  remain  stationary  for  120  minutes  after  the  glucose  meal.  At  the  end  of 
this  time  the  blood  .sugar  begins  gradually  to  recede  and  becomes  normal  not 
earlier  than  in  180  to  240  minutes  after  the  feeding.  Benedict  and  Lewis  in  a 
series  of  53  patients  showing  malignancy,  took  the  blood  180  minutes  after  in- 
gestion of  food.  Of  these  36  per  cent  showed  a  marked  increase  in  blood  sugar. 
At  least  49  per  cent  showed  a  tendency  to  hyi^erglycemia.  Benedict  and  Lewis 
point  out  that  there  is  a  steady  increase  in  blood  sugar  as  the  disease  progresses, 
and  a  maximum  is  reached  just  jirior  to  death. 

In  the  recent  study  of  Rohdenburg,  Bernhard  and  Krehbiel,  based  upon  228 
cases,  the  authors  call  attention  to  three  types  of  reaction  following  the  sugar 
tolerance  test.  In  the  first  the  blood  sugar  at  the  45  minute  interval  rises  above 
the  zero  hour  figure  and  at  the  120  minute  interval  is  as  high  or  higher  than  at 
the  45  minute  interval.  In  the  second  type  the  45  minute  reaction  is  similar  to 
that  of  the  first  type,  but  at  the  120  minute  interval  the  figure  is  almo.st  that  of 
the  zero  hour.  In  the  third  type  the  initial  blood  sugar  concentration  is  higher 
than,  or  the  same  as,  that  at  45  minutes,  and  at  120  minutes  is  the  same  or  higher 
than  the  original  figure.  Nephritis  in  75  per  cent  of  the  cases  gave  a  type  2 
reaction ;  tuberculosis  in  60  per  cent,  gave  a  type  1 ;  syphilis  in  72  per  cent,  gave 
type  2 ;  diabetes  in  60  per  cent  gave  a  type  2 ;  pregnancy  in  66  per  cent  gave  a 
type  1 ;  61  per  cent  of  gastric  carcinomas  and  50  per  cent  of  intestinal  carcinomas 
gave  a  type  1  reaction. 

Friedenwald  and  Grove  .studied  32  typical  cases  of  carcinoma  of  the  gastro- 
intestinal tract.  In  addition  they  observed  3  cases  of  uterine  carcinoma,  1  case 
of  mammary  cancer,  1  case  of  carcinoma  of  the  prostate  and  spine,  1  case  of  uter- 
ine fibroid,  2  cases  of  sarcoma,  8  eases  of  peptic  ulcer,  2  cases  of  gastric  syphilis, 
3  cases  of  diarrhea  and  dysentery,  8  cases  of  achylia  gastrica  and  chronic  gas- 
tritis, 4  cases  of  cholelithiasis,  2  cases  of  chronic  appendicitis,  11  cases  of  enterop- 
tosi's,  5  cases  of  nervous  dyspepsia,  and  5  cases  of  intestinal  stasis  and  mucous 
colitis.     In  addition  they  studied  4  perfectly  healthy  persons. 

Their  conclusions  are  that  there  is  usually  present  in  carcinoma  of  the 
gastrointestinal  tract  a  rather  characteristic  curve  of  sugar  tolerance  which 
differs  somewhat  from  that  observed  in  carcinoma  of  other  regions  of  the  body. 
This  curve  presents  a  high  sugar  content,  even  in  the  fasting  state,  followed  by 
an  initial  rise  up  to  0.24  per  cent,  or  even  higher  within  45  minutes  after  the  in- 
gestion of  the  dextrose,  remaining  at  this  level  for  at  least  120  minutes  and  at 
no  time  falling  below  0.20  per  cent.  This  test  the  authors  say  is  rather  dis- 
tinctive and  is  of  value  in  distinguishing  between  carcinoma  and  the  other  dis- 
eases of  the  digestive  tract.     As  an  aid  in  early  diagnosis  they  are  not  definite, 
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but  they  say  that  since  the  reaction  is  characteristic  regardless  of  the  extent  of 
the  involvement  it  is  to  be  presumed  that  it  is  present  in  early  cases.  They 
realize  that  the  test  is  not  specific  of  carcinoma  and  that  it  cannot  be  relied  upon 
alone,  in  other  words  it  is  not  pathognomonic.  Nevertheless  it  appears  that  in 
cases  of  gastrointestinal  disease  in  which  there  is  some  evidence  of  carcinoma, 
i.e.,  in  differential  diagnosis,  the  test  may  have  a  very  important  bearing,  es- 
pecially if  diabetes,  nephritis,  tuberculosis,  and  thyroid  disturbances  have  been 
excluded. 

It  has  already  been  mentioned  in  the  foregoing  paragraphs  that  nephritis 
is  one  of  the  conditions  in  which  glucose  metabolism  is  upset,  that  nephritic  pa- 
tients react  abnormally  to  the  glucose  tolerance  test.  With  diabetes  the  same 
is  true.  Patients  with  chronic  vascular  hypertension  may  also  show  a  disturb- 
ance in  handling  glucose.  This  type  of  case  is  very  similar  to  the  nephritic  with 
hjTDertension.  It  is  with  a  group  of  chronic  vascular  hypertension  cases  that 
O'Hare  has  concerned  himself.  He  says  that  while  following  a  large  group 
of  these  cases  it  was  noted  that  from  time  to  time  some  of  them  showed  a  trace 
of  sugar  in  the  urine,  occasionally  enough  to  quantitate.  The  suggestions  were 
made  that  these  were  cases  of  renal  diabetes,  or  that  they  were  incipient  true 
diabetes.  To  test  these  suggestions  the  glucose  tolerance  test  of  Janney  and 
Isaacs  was  used,  i.e.,  the  fasting  blood  sugar  is  determined  and  then  1.5  grams 
of  glucose  per  kilogram  of  body  weight,  with  2.5  grams  of  water  per  gram  of 
glucose  was  given.  The  blood  sugar  was  determined  2  hours  later,  and  the  uri- 
nary sugar,  3  hours  after  the  glucose  meal. 

The  results  of  the  application  of  this  method  are  interesting  indeed,  as  they 
appear  in  the  chart  in  the  original  article,  for,  while  certain  cases  by  themselves 
give  no  striking  results,  when  all  are  arranged  in  the  order  of  the  degree  of  the 
reaction,  they  form  a  scale  which  runs  from  normal  to  a  point  approaching  the 
typical  diabetic  reaction.  This  suggests  to  O'Hare  that  these  cases  are  potential 
diabetics. 

—P.  G.  W. 
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Present  Day  Immunology 
'T'HE  authoritative  statement  of  present  day  immunology  has  been  made; 
J-  Jules  Bordet  has  written  a  "Treatise  on  Immunity  in  the  Infectious  Dis- 
eases."^ It  will  perhaps  come  as  a  surprise  to  those  who  have  not  followed 
attentively  the  investigations  of  the  Belgian  scientist  to  find  that  although 
great  as  a  discoverer  he  is  equally  great  as  an  expositor.  Bordet  is  a  master  of 
that  flexible  and  exact  tongue  that  has  no  equal  for  scientific  exposition  and 
instruction.  The  French  have  a  knack  of  repetition  of  the  essential  facts  from 
multiple  points  of  view  with  ingenius  turns  of  phrasing  that  rejoices  the  ac- 
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customed   eye   or  ear,   and  produces  an  indelible   impression   that   is   never 
equalled  by  the  boiled  down  essence  of  protocols. 

And  the  scientific  use  of  the  imagination  that  has  made  Bordet  so  fertile 
in  experimentation  is  evident  here  also.  The  book  is  not  simply  an  evaluation 
of  acquired  facts,  but  full  as  Avell  of  ingenious  working  hypotheses.  The  very 
success  of  this  investigator  lies  in  the  fact  that  he  has  always  approached 
new  facts  untrammeled  by  preconceived  notions.  And  yet  Bordet 's  explana- 
tion of  his  and  others  results,  although  strikingly  free  from  convention,  seems 
in  last  analysis  the  simplest  explanation,  the  freest  from  unjustifiable  as- 
sumption. 

Bordet 's  book  is  an  extensive  one  comprising  over  700  pages  and  divided 
into  four  main  sections  dealing  respectively  with  a  general  survey  of  the 
field;  with  cellular  immunity;  with  humoral  immunity;  and  with  the  reaction 
of  the  organism  in  its  entirety.  So  far  the  treatise  is  orthodox  enough.  The 
well  established  and  understood  facts  are  fully  and  ably  discussed.  It  is  in 
the  treatment  of  the  ill-defined  and  undeveloped  fields  that  the  ingenuity  of 
the  author  has  full  play  and  raises  a  series  of  ingenious  questions  and  offers 
numerous  suggestive  hypotheses.  It  was  some  fifteen  years  ago  that  Bordet 
expressed  to  the  reviewer  the  desire  for  a  few  months  freedom  from  routine 
to  indulge  in  an  assembling  and  calm  contemplation  of  the  facts  that  had 
been  demonstrated  in  his  particular  field.  He  felt  the  assurance  that  out  of 
sueli  a  survey  would  come  new  leads  of  promise.  The  isolation  came,  not  in 
the  waj'  he  had  imagined  and  for  a  longer  period,  and  although  the  contem- 
plation under  German  duress  could  scarcely  be  regarded  as  calm,  the  survey 
and  recapitulation  have  been  made.  We  may  look  forward  eagerly  to  the 
new  lines  of  investigation  that  his  study  will  stimulate  in  himself  and  his 
pupils. 

Particularly  original  is  the  treatment  of  such  questions  as:  anaphylaxis; 
the  nature  of  specificity;  partial  immunity;  the  relations  of  phagoc.ytes  to 
parenteral  digestion;  auto  cytotoxins  in  their  relation  to  chronic  disease;  and 
many  others.  It  is  to  be  hoped  that  a  translation  Avill  soon  render  this  valu- 
able and  authoritative  work  more  readily  accessible  to  the  English  speaking 
world. 

—F.  P.  G. 


A  Research  lufonnalkm  Bureau 

THE  National  Research  Council  has  established  a  Kcsearch  Information  Serv- 
ice as  a  general  clearing  house  and  informational  bureau  for  scientific  and 
industrial  i-esearch.  This  "Service"  on  request  supplies  information  concerning 
research  problems,  progress,  laboratories,  equipment,  methods,  publications,  per- 
sonnel, funds,  etc. 

Ordinarily  incjuiries  are  answered  without  cliargc.  AN'licii  Ibis  is  impossible 
because  of  unusual  difficulty  in  securing  inioi'inatidii.  tlie  inquirer  is  notified 
and  supplied  with  an  estimate  of  cost. 
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Much  of  the  information  assembled  by  this  bureau  is  published  promptly  in 
the  "Bulletin"  or  the  "Reprint  and  Circular  Series"  of  the  National  Research 
Council,  but  the  purpose  is  to  maintain  complete  up-to-date  files  in  the  general 
office  of  the  Council. 

Requests  for  information  should  be  addressed,  Research  Information  Serv- 
ice, National  Research  Council,  1701  Massachusetts  Avenue,  Washington,  D.  C. 


Epidemiology  of  Tuberculosis^ 

COLONEL  BUSHNELL,  who  so  long  and  so  successfully  conducted  the  army 
tuberculosis  hospital  at  Fort  Bayard,  N.  M.,  and  who  had  charge  of  the 
tuberculosis  division  in  the  Surgeon  General's  Office  during  the  War,  has  given 
us  a  most  valuable  and  readable  book  on  tuberculosis.  He  has  collected  a  great 
deal  of  information  along  lines  which  hitherto  has  not  received  adequate  at- 
tention. Bushnell  divides  the  peoples  of  the  world  into  tuberculized  and  non- 
tuberculized  races.  In  the  former,  tuberculosis  is  a  chronic,  slowly  progressive, 
relatively  benign  disease.  In  nontuberculized  races,  it  is  an  acute,  epidemic, 
highly  fatal  disease.  Certain  localities,  especially  in  tropical  and  semitropical 
countries,  have  had  the  reputation  of  being  free  from  tuberculosis,  but  when  an 
attempt  has  been  made  to  use  these  places  as  resorts  for  those  afflicted  with  this 
disease  the  natives  have  quickly  developed  the  disease  and  supplied  a  very  high 
death  rate.  In  our  own  country  we  have  in  large  numbers,  so  far  as  races  are 
concerned,  the  white,  the  negro,  and  the  Indian.  Bushnell  shows,  especially  by 
statistics  of  deaths  in  Charleston,  S.  C,  that  before  the.  Civil  War  the  tubercu- 
losis death  rate  among  whites  and  blacks  was  about  the  same.  He  concludes 
from  this  that  even  then  the  negro  race  was  alreadj^  tuberculized.  Immediately 
following  the  Civil  War  the  death  rate  among  negroes  rapidly  increased  and 
soon  exceeded,  and  has  continued  to  exceed,  the  death  rate  from  this  disease 
among  the  whites.  The  great  increase  in  the  death  rate  from  tuberculosis  among 
the  blacks  after  the  Civil  War  is  attributed  by  Bushnell  to  poverty  and  bad 
housing  conditions.  He  says:  "The  facts  adduced  as  to  the  tuberculosis  of  the 
negro  justify  the  following  conclusions:  the  negroes  as  a  race  in  the  United 
States  have  long  been  in  contact  with  the  virus  of  tuberculosis.  They  are  prob- 
ably as  well  or  nearly  as  well  tuberculized  as  the  white  race.  This  is  shown  bj' 
the  fact  that  when  they  M'ere  slaves,  when  their  masters  gave  regular  employ- 
ment, provided  food  and  to  some  extent  looked  after  their  health,  their  tubercu- 
losis rates  differed  little  from  those  of  the  whites.  When  their  emancipation 
thrust  them  unprepared  into  the  struggle  for  existence  their  sufferings  and  errors 
are  revealed  in  an  enormously  increased  mortality  not  only  from  tuberculosis 
but  from  other  diseases." 

Bushnell  is  quite  certain  that  tuljereulized  races  acquire  a  certain  degree  of 
immunity  to  the  disease.  This  immunity  is  in  no  sense  inherited,  but  must  be 
acquired  by  each  individual,  and  the  danger  lies  in  the  acquisition  of  this  im- 
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muuity.  He  says:  "Civilized  man  can  never  escape  the  dangers  of  infection 
with  the  tubercle  bacillus.  But  if  we  did  escape  the  dangers  of  infection,  we 
should  also  lose  the  benefits  of  tuberculization.  Supposing  that  with  extraor- 
dinary energy  and  sagacity  we  bani.sh  all  tuberculosis  from  our  town  and  rear 
an  absolutely  uninfected  group  of  children.  Having  passed  childhood  under 
the  irksome  restrictions  that  would  be  necessary,  the  time  must  come  when  they 
shall  be  ppi-mitted  to  enter  the  outside  world,  for  the  fear  of  disease  cannot  re- 
main the  paramount  consideration  during  life.  As  soon  as,  now  adults  or  ado- 
lescents, they  leave  the  sheltering  confines  of  their  native  town,  they  will  be  ex- 
posed to  the  dangers  of  primary  tuberculous  infection  and  that  at  an  age  when 
the  world  beckons  most  invitinglj'  and  when  prudence  is  least  developed.  In 
fact  they  would  be  in  a  hardly  less  dangerous  situation  than  the  tropical  native 
when  he  first  enters  a  civilized  community.  Prophylaxis  has  simply  resulted 
in  exchanging  the  danger  of  a  chronic  and  usually  relatively  benign  infection 
for  the  danger  of  an  acutely  fatal  infection." 

Bushnell  is  of  the  opinion  that  our  Indians  are  just  now  becoming  tubercu- 
lized  and  that  in  consequence  of  this  the  birth  rate  is  now  exceeding  the  death 
rate  and  the  Indian  promises  to  not  disappear  from  the  earth  but  to  multiply 
and  reproduce  his  kind.  In  1891  an  effort  was  made  to  try  the  Indian  as  a 
soldier.  Authorization  was  obtained  for  eight  troops  of  Indian  Cavalry  and 
nineteen  companies  of  Indian  Infantry.  In  the  years  immediately  following, 
over  eight  hundred  Indians  were  enlisted  in  the  army  and  made  up  exclu.sively 
Indian  organizations,  but  on  account  of  the  wide  and  deadly  prevalence  of  tu- 
berculosis among  them  this  plan  was  given  up. 

It  has  been  proposed  that  all  children  sent  to  the  Indian  schools  sliould  be 
tested  with  the  tuberculin  test  and  that  those  giving  response  to  this  test  should 
not  be  sent  to  the  schools.  Bushnell  comes  to  an  opposite  opinion  and  says:  "In 
the  writer's  judgment,  children  should  not  be  allowed  to  attend  the  larger  schools 
unless  they  have  a  positive  skin  reaction  to  tuberculin.  There  is  danger  here 
that  those  who  react  positively  may  be  on  the  point  of  breaking  down  with  mani- 
fest tuberculosis  of  severe  type,  so  that  long  railway  journeys  will  lead  to  dis- 
aster. We  would  therefore  make  the  further  suggestion  that  no  Indian  child 
be  sent  to  boarding  school  unless  he  is  in  apparently  good  health,  shows  at  least 
no  marked  glandular  involvement,  gives  no  physical  signs  of  tuberculosis  of  the 
lungs  and  has  been  positive  for  the  Pirquct  reaction  for  at  least  one  year.  In 
other  words,  a  tuberculous  vaceinafiou  should  be  required  as  well  as  a  vaccination 
against  smallpox." 

Bu.shnell  is  of  the  opinion  that  we  should  give  special  attention  to  the  pro- 
tection of  our  children,  and  this  attention  should  consist  in  endeavoring  to  pre- 
vent massive  infection  among  them.  There  is  only  one  logical  conclusion  to 
Bushnell 's  views  and  he  does  not  hesitate  to  draw  it — we  must  find  some  method 
of  vaccination  against  this  disease.  "We  quite  agree  with  the  author  that  the 
greatest  hope  in  the  eradication  of  tuberculosis  lies  in  the  possibility  of  success- 
ful vacciiialion. 

—V.  C.  V. 
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preliminary  note 

TN  1898,  Bordet  discovered  the  hemolysins.  Three  years  later,  only  nineteen 
J-  years  ago,  he  published  the  first  account  of  complement  fixation  which  later 
became  known  as  the  "Bordet-Gengou  phenomenon."  Speaking  in  terms  of  the 
side-chain  theory  of  Ehrlich,  the  phenomenon  of  complement  fixation  depends 
upon  the  fact  that  complement,  a  substance  present  in  greater  or  less  quantities 
in  the  serum  of  all  animals,  will  be  bound  or  fixed,  in  the  presence  of  an  antigen 
and  its  specific  antibody  or  amboceptor,  a  more  or  less  firm  union  of  the  three 
resulting. 

Bordet 's  first  experiments  were  carried  out  using  the  following  reagents: 
As  antigen,  a  suspension  of  Bacillus  pestis  in  normal  sodium  chloride  solution, 
guinea  pig's  serum  for  complement.  The  two  were  placed  in  a  test  tube  con- 
taining the  serum  from  a  horse  which  had  been  immunized  against  Bacillus 
pestis.  The  three  were  incubated  for  one  hour,  after  which  the  hemolytic  system 
consisting  of  the  serum  of  a  guinea  pig  which  had  been  immunized  against  rab- 
bit's  erythrocytes,  and  a  quantity  of  rabbit's  erythrocytes  were  added.  As  the 
complement  had  been  fixed  in  the  first  incubation,  no  hemolysis  resulted. 

Bordet 's  work  was  soon  corroborated  by  Ehi-lich  and  Morgenroth.  "Widal 
and  Lesourd  about  this  time  made  use  of  the  reaction  in  the  diagnosis  of  typhoid 
using  bacillus  typhosus  as  antigen.  This  was  the  first  practical  use  made  of 
the  reaction. 

♦Acknowledgment  is  due   the  other  members   of  the  medical   staff   for   their  clinical   cooperation. 
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Altliongh  the  work  of  Bordet  and  of  Ehi'lieh  coincided  from  an  experi- 
mental standpoint,  tlieoretically  they  held  quite  different  views  as  to  the  under- 
lying- mechanism  of  the  reaction  of  complement  binding  or  fixation. 

Bordet  held  and  still  holds  that  the  antibody  unites  directly  with  the  antigen 
and  serves  to  sensitize  it  and  prepare  it  fur  direct  union  with  the  complement 
as  a  mordant  aids  in  the  penetration  of  a  dyestuff.  JMurdants  are  substances 
which  are  capable  of  attaching  themselves  to  the  substance  to  be  dyed  and  sub- 
sequently to  the  dye  itself.  Substances  of  this  kind  are  tannic  acid  (for  basic 
dyes)  and  colloidal  hydroxides  (for  acid  dyes)  such  as  the  hydroxides  of  alumin- 
ium, tin,  iron,  and  chromium.  For  example,  the  cloth  to  be  dyed  is  ti-eated 
with  aluminium  sulphate  and  acquires  either  by  absorption  or  feeble  combina- 
tion, or  both,  a  certain  amount  of  the  hydroxide;  the  fabi'ic  is  then  boiled  in 
water  with  an  acid  dye  (say  Turkey  red  or  alizarine  which  is  a  veiy  slightly 
soluble  acid,  C14HSO4)  which  unites  with  the  hydroxide  which  has  already  united 
with  the  cloth.  If  we  substitute  the  terms  antigen  for  cloth,  antibody  for  mor- 
dant, complement  for  dye,  we  can  readily  visualize  in  physico-chemical  terms, 
Bordet 's  concept  of  the  process  of  complement  fixation. 

Ehrlich,  on  the  other  hand,  postulates  the  existence  in  cells  of  the  body,  of 
certain  molecular  groups  which  he  calls  receptors,  which  have  the  power  to 
anchor  or  bind  substances  useful  to  them.  Or  the  substance  bound  may  be  toxic 
to  the  cell  and  the  cell  may  die  or  may  be  stimulated  to  the  production  of  other 
receptors.  These  receptors,  according  to  Weigert's  law  of  overcompensation, 
("overproduction  theory"),  are  produced  in  excess  and  thrown  into  the  blood 
stream.  Ehrlich  believes  that  these  receptors  or  amboceptors  play  an  all  im- 
portant role  in  complement  fixation.  According  to  him,  the  complement  does 
not  unite  directly  with  the  antigen  but  indirectly  throiigh  the  medium  of  the 
amboceptor  which  possesses  a  cytophile  group  which  unites  it  with  the  antigen 
and  a  eomplementophile  group  which  unites  it  with  the  complement. 

In  1905,  Wassermann  and  Bruck  found  that  extracts  of  bacteria  could  be 
used  in  place  of  bacterial  emulsions  such  as  Bordet  had  used,  also  that  extracts 
of  tissue  rich  in  bacteria  might  be  used  as  antigeiL  Wassermann  made  use  of 
the  reaction  in  the  diagnosis  of  tulicrcnlosis,  using  as  antigen  lung  tissue  from 
tuberculous  patients. 

At  this  time  the  attention  of  the  scientific  world  was  drawn  to  sypliilis.  by 
tiie  discovery  of  the  Spiroeheta  pallidum  by  Sehaudinii  and  Hoffman.  In  co- 
operation with  Neisser,  Wansermann  and  I '.ruck.  .May  10.  1906,  made  use  of  the 
reaction  working  with  the  scrum  from  luclic-  monkeys  using  extracts  of  condylo- 
mata, luetic  placenta,  and  so  forth;  as  antigens.  Just  fourteen  days  later,  l)<'trc 
l)ublished  his  paper.  lie  performed  the  reaction  on  six  luetic  and  I'our  normal 
persons,  using  tonsillar  exudate,  extract  of  Icntic  papules  and  pancreas  as  anti- 
gens. He  obtained  two  positive  reactions  I'ldm  the  six  leutic  pei-sons  and  all 
negative  reactions  from  the  normals. 

Was.sermann's  first  w(H'k  on  Iwd  Innidn'd  ami  seventy-five  sera  from  luetic 
patients  .showed  only  ninrtrcn  ]<vr  ci'iit  nl'  positive  reactions.  This  was  due  to 
the  fact  that  elaborate  cunlrnls  and  tilralinns  nmv  in  use  were  lacking. 

Following  these  iiinneer  papers  many  others  appeared  rapidly  until  the 
woik  done  on  serology  has  really  assumed  enormous  |)roportions.     A)    lirsl    the 
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AYasserniauu  i-eaction  was  thought  to  be  specific,  that  is,  that  each  antigen  pro- 
duced its  specific  amboceptor  in  the  blood  stream  of  an  immunized  animal.  How- 
ever, the  side-chain  theorj^  which  Ehrlich  elaborated  to  substantiate  this  view 
received  a  rude  jolt,  when  in  1906  Citron  showed  that  an  extract  from  normal 
human  red  blood  cells  constitutes  a  fairly  good  antigen  yielding  positive  reactions 
in  about  80  per  cent  of  luetic  patients.  In  1907,  Weygandt  obtained  positive 
reactions  on  luetic  sera  using  an  extract  of  normal  spleen  as  antigen.  Miiller 
and  others  used  alcoholic  extract  of  guinea  pig  heart  the  same  year.  These  re- 
sults directed  attention  to  the  fact  that  the  antigen  was  probably  a  lipoid,  and 
following  this  conception  much  work  was  done  by  many  observers  using  .sodium 
glycocholate  and  tauroeholate.  cholesterol,  lecithin,  vaselin,  and  so  forth  as 
antigens. 

The  investigators  were  so  numerous,  the  techuic  employed  so  different,  the 
results  so  antagonistic  and  confusing,  that  the  reaction  fell  into  disrepute,  its 
opponents  claiming  that  it  yielded  positive  reactions  in  tuberculosis  leprosy, 
scarlatina,  in  fact  every  infection  besetting  the  human  race.  The  pain.staking 
efforts  of  honest  workers,  however,  have  shown  pretty  conclusively  that  we  get 
little  or  no  cross  fixation  in  any  diseases  with  the  possible  exception  of  fram- 
besia  (yaws)  and  leprosy'.  To  this  feature  we  will  return  later  when  we  speak 
of  our  own  experience  with  tuberculosis  and  other  infectious. 

Coming  now  to  our  own  work,  it  is  our  intention  to  outline  the  clinical  and 
laboratory  conditions  existing  in  our  institution  calling  attention  to  certain  fea- 
tures of  the  work  which  we  think  might  render  our  report  valuable  to  other 
workers.  Although  the  number  of  sera  examined  to  date  is  not  so  great  as  from 
some  of  the  larger  laboratories  of  the  country,  we  think  that  our  results  are 
fairly  conclusive  because  of  the  following  conditions  existing. 

(1)  We  have  very  close  cooperation  between  the  laboratory  workers  and 
the  clinicians,  the  details  of  this  paper  could  never  have  been  worked  out  with- 
out the  hearty  cooperation  of  the  clinical  staff  which  involved  much  extra  work 
on  their  part,  such  as  frequent  consultation,  repeated  physii-al  examination,  and 
clinical  observation. 

(2)  We  have  the  patients  under  observation  for  a  considerable  time,  en- 
abling us  to  arrive  at  more  accurate  clinical  diagno.ses  than  we  could  ever  hope 
to  do  otherwise.  In  every  doubtful  case  several  blood  examinations  were  made 
at  different  times. 

(3)  The  sera  to  be  examined  are  all  drawn  on  the  day  to  be  examined,  by 
the  same  persons,  using  as  nearly  as  possible  the  same  teehnic  each  time,  Neaz-ly 
all  sera  examined  from  our  hospital  are  examined  within  the  first  twenty-four 
liours  after  being  drawn, 

Eai'ly  in  our  work  our  laboratory  jn-oeedure  consisted  in  subjecting  each 
serum  examined  to  the  so-called  classical  Wassermann,  together  with  the  Grad- 
wohP  modification  of  the  Hecht  test,  using  an  alcoholic  extract  of  beef  heart  as 
antigeu.  We  soon  discovered,  however,  that  these  procedures  at  best  yielded  a 
rather  low  percentage  of  positive  reactions  in  patients  in  whom  we  had  no  dif- 
ficulty in  finding  the  various  clinical  pictures  of  lues  affecting  the  central  nerv- 
ous .system.    This  was  due  to  the  facts  that  the  patients  were  suffering  from  late 
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lues,  also  nearly  all  of  tlieiu  had  been  sul)jeetecl  to  vigorous  treatment  before  l)e- 
ing  admitted  to  Longview. 

After  reviewing  the  various  methods  of  complement  fixation  in  lues,  we  de- 
cided to  subject  all  sera  to  the  following  tests  for  the  purpose  of  ascertaining 
which  would  be  of  the  most  value  to  us  in  our  work. 

(1)  The  Wassernuiun  reaction,  employing  complement  tixation  in  the 
water-bath  at  37.5°  C,  using  two  antigens,  one  a  plain  alcoholic  extract  of  beef 
heart  properly  titrated,  the  other  the  same  extract  reinforced  with  cholesterol, 
also  properly  titrated. 

(2)  The  same  teehnic  as  in  (1)  with  the  exception  tliat  complement  fixa- 
tion was  carried  out  in  the  ice  box  at  2°  C.  for  a  period  of  ten  hours,  observing 
certain  precautions  to  be  alluded  to  later. 

(3)  The  Gradwohl  modification  of  the  Ilecht  test  with  some  slight  altera- 
tions to  be  described. 

If  we  investigate  the  results  of  other  workers  with  the  classical  Wassermann 
with  complement  fixation  in  the  water-bath,  we  find  that  the  best  figures  give 
positive  reactions  in  from  80  to  90  per  cent  of  primary  lues.  In  secondary  lues, 
Kolmer  reports  100  per  cent,  Boas  100  per  cent,  Craig  96  per  cent  positive  reac- 
tions in  the  untreated  eases.  In  untreated  tertiary  lues  the  reaction  yields  from 
90  to  100  per  cent  positive  results,  while  in  the  treated  cases  of  tertiary  lues  the 
percentage  of  positive  reactions  ranges  from  65  to  75  per  cent. 

Turning  now  to  the  results  of  the  classical  Wassermann  with  complement 
fixation  in  the  ice  box,  together  with  the  use  of  cholesterolized  antigen  we  find 
rather  conflicting  reports.  So  far  as  the  writer  can  learn,  JacobstahP  (1910) 
was  the  first  to  employ  this  metliod,  fixing  the  complement  in  the  ice  box  at 
4°  C.  for  a  period  of  one  and  one-lialf  hours.  McNeiP  was  the  first  American 
to  employ  the  method. 

Concerning  cholesterolized  antigen  Owen  and  Martin*  state,  "the  published 
figures  of  positive  reactions  (with  cholesterolized  antigen)  run  as  high  as  10 
to  20  per  cent  in  patients  who  do  not  have  lues."  This  most  decidedly  does  not 
coincide  with  our  expei-ience.  We  have  never,  except  in  one  instance,  to  be 
discussed  later,  obtained  a  positive  reaction  using  the  cholesterolized  antigen  on 
any  patient  on  whom  the  diagnosis  of  lues  could  not  be  made  either  from  the 
clinical  historj',  the  physical  findings,  or  both. 

Ottenberg,'  Smith  and  McNeil''  state  that  tlie  cholesterolized  antigen  cannot 
be  used  with  safety  in  the  Wassermann  with  complement  fixation  in  the  ice  box. 
Our  experience  will  not  enable  us  to  concur  in  this  conclusion. 

THE    HECHT-GRAUWOIIL   TEST 

The  princiitle  ui)iui  which  this  reactiiiii  works,  that  is,  making  use  of  the 
native  complement  and  hemolysins  in  the  blood  serum,  was  first  suggested  by 
Tschernogouboff  who  employed  guinea  pigs'  erythrocytes  in  the  performance 
of  the  reaction,  neglecting,  however,  the  quantitative  relationships  of  the  test. 
Ilecht  also  made  use  of  the  test  using  sheep's  erythrocj'tes.  His  teehnic,  how- 
ever, lay  open  to  the  same  objections  as  that  of  TschernogoubofC.  It  remained 
for  Gradwohl  to  place  the  test  on  a  rclialile  basis. 
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AVe  employ  practically  the  same  method  as  outliued  by  Gradwohl*  with  the 
exception  that  we  use  fewer  tubes  (five  to  be  exact)  in  the  determination  of  the 
hemolytic  index;  we  use  three  units,  two  units,  and  one  unit  of  antigen  in  the 
test  tubes  of  the  back  row,  also  we  add  an  amount  of  red  cells  in  the  last  incu- 
Ijation  equivalent  to  one-half  the  amount  of  the  hemolj-tic  index.  These  alter- 
ations were  suggested  by  Kolmer  of  Philadelphia.  We  have,  furthermore,  em- 
ploj-ed  three  types  of  antigen  in  our  work,  (1)  the  acetone  insoluble  as  originally 
used  by  Gradwohl,  also  (2)  a  plain  alcoholic  extract  of  beef  heart,  and  (3)  a 
cholesterolized  extract.  The  acetone  insoluble  is  the  most  satisfactory.  It  is, 
however,  more  difficult  of  preparation.     (For  proof  of  this  see  tables  that  follow.) 

With  his  technie  Gradwohl  has  obtained  fifteen  per  cent  more  positive  re- 
actions than  with  the  classical  Wassermann  test.  In  his  earlier  paper  he  re- 
gards this  as  the  best  check  on  the  Wassermann  reaction  of  Neisser,  Bruck,  and 
Wassermann.  In  a  later  paper  he  concludes  that  the  Hecht-Gradwohl  test  is  not 
only  a  check,  but,  if  positive,  is  diagnostic  of  lues.  He  states  that  he  has  never 
obtained  a  positive  Wassermann  reaction  with  a  negative  Hecht-Gradwohl  test 
on  the  same  serum,  also  that  a  doubtful  Wassermann  test  should  be  thrown  out 
in  the  presence  of  a  negative  Hecht-Gradwohl  reaction  on  the  same  serum.  He 
finds  that  the  Hecht-Gradwohl  test  can  be  performed  on  98  per  cent  of  sera  ex- 
amined, his  average  hemolj' tic  index  is  .5  c.c. 

In  the  main  our  results  coincide  with  those  of  Gradwohl.  However,  we  find 
that  there  are  some  sera  which  may  show  complete  inhibition  in  the  first  two 
tubes  containing  antigen,  with  only  a  pai'tial  inhibition  in  the  third,  or  only  the 
firet  tube  may  show  complete  inhibition  with  partial  or  no  iuhibiton  in  the  last 
two  antigen  containing  tubes,  or  all  tubes  containing  antigen  may  show  a  partial 
inhibition,  the  control  being  clear.  In  this  we  are  in  agreement  with  A.  J. 
Blaivas.''  We  may  say  here  that  those  sera  showing  partial  inhibition,  with  very 
few  exceptions,  were  found  by  extensive  clinical  observation  to  have  come  from 
luetic  patients.  Furthermore,  it  is  our  opinion  either  with  the  Wassermann  or 
Hecht-Gradwohl  teehnic,  if  the  technie  has  been  accurate,  sera  showing  partial 
inhibition  should  always  be  regarded  with  suspicion  and  it  has  been  our  experi- 
ence that  such  sera  were  found  on  clinical  observation  to  have  come  from  pa- 
tients with  lues  in  one  form  or  another.  It  is  our  custom  to  subject  such  sera 
to  repeated  examinations  as  it  has  been  sho^vn  that  the  amount  of  antiluetic 
amboceptor  in  a  patient's  serum  may  vary  from  day  to  day  in  the  same  patient. 

It  has  been  our  experience  that  the  positive  Wassermann  reaction  will  give 
way  to  a  negative  Wassermann  reaction  under  treatment,  while  the  Hecht-Grad- 
wohl test  may  remain  strongly  positive  for  some  time  afterward. 

The  reasons  advanced  as  to  why  the  Hecht-Gradwohl  test  is  more  sensitive 
than  the  Wassermann  reaction  are : 

(1)  There  are  two  antiluetic  amboceptors  in  serum  from  luetic  patients, 
one  is  destroyed  by  inactivation,  or  heating  to  56°  C.  as  in  the  Wassermann  test. 
As  the  serum  is  not  inactivated  in  the  Heeht-Gradwohl  test  this  difficulty  is 
obviated. 

(2)  By  making  use  of  the  native  complement  and  antisheep  amboceptor  in 
tlie  patient's  serum  we  avoid  the  excess  of  antisheep  amboceptor  over  the  com- 

*For  the  details  of  the  technie  see  Gradwohl's  original  paper,  Jour.  Am.   Med.   Assn.,   1914,  p.  240. 
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plement  wliicli  uiiiy  Ix-  so  great  as  tn  tliniw  a  positive  reaelion  t(i  the  iiefjcativo 
side  when  the  lieiniilytie  system  is  adih-il  in  the  final  step  of  tiie  Wasseriiianii 
reaetion. 

Concerning  onr  AVasserinanii  tecliiiii-,  w  illiout  going  into  great  detail  we 
would  like  to  emphasize  a  few  points. 

(1)  Sera  should  be  examined  within  the  first  twcnty-fonr  hours  after  be- 
ing drawn. 

(2)  Coni])leinent  should  not  be  drawn  from  the  guinea  pig  until  needed  for 
titration.  It  is  the  custom  in  our  laltoratory  never  to  use  eomiilement  after  it 
has  been  drawn  twelve  hours. 

(3)  The  concentration  of  cholesterin  in  the  antigen  should  never  exceed 
0.4  jier  cent. 

Regarding  the  Wassermann  te.st  with  complement  fixation  in  the  ice  box, 
we  believe  that  the  period  of  fixation  should  not  exceed  ten  hours,  neither  should 
the  temperature  exceed  2°  ('.  \Ye  use  this  procedure  as  it  is  the  oi)timum  time 
and  temperature  as  worked  out  by  Ruediger'*. 

The  technic  is  the  same  as  in  the  classical  Wassernmnn  test  up  to  the  point 
of  complement  fixation  when  the  tubes  are  placed  in  the  ice  box  for  ten  hours  at 
2°  C.  At  the  end  of  this  time  we  again  wash  the  cells  if  the  supernatant  fluid 
.shows  any  tinge  of  red.  We  also  titrate  the  complement  and  amboceptor  once 
again  to  make  sure  that  they  have  not  changed  in  titer.  Some  workers  have 
said  that  the  rea.son  the  ice  box  method  yields  more  positive  reactions  is  that 
the  complement  deteriorated  in  the  time  allotted  to  this  method.  This  is  not 
true  in  the  light  of  our  woik. 

After  the  tubes  jiavc  been  removed  fi'om  the  ice  liox  il   is  wi'll  to  warm  tlicm 

Taulf,  1 

Coin|);iriiig   (1)    tin-    Wasscniiaiiu    Reaction    witli    i-diiijilriiu'iit     lixaliuii    in    tlu'    xvatiT-liatli    at 
37..5°   C. 
(2)   the   Hcclit-Ciradwolil   test,    usiiiH   the    [ilaiii   aliMiliulii-    i'xti;u-t   df   liocf   heart    as 
antigen   ill    ]II4  eases  of   lues  lii\;ilviiig  the   eeiitral    iiei  \(ius   system. 
Kesiilts  (1) 

The   Wasmnmnui  text,  ciimiilcmciii   fualiun    in    Ihc  walirhnlh    at    i'.T..")"   C. 
Nuiiiljei'  Pci'eentage 

Positive  51  40.03 

Borderline  7  6.73 

Negative  46  44.23 

(2) 

'flic    Hcchl-Gri((hiul,l    Irxl    irilh    pliiiii    (inliiicn.     Total    lUiniluT   iKissibU',   04. 
Xuiiilier  I'ereeutage 

Positive  .'>(i  50.57 

Honlerliiie  5  5.21 

Negative  33  35.1 

Imjiossilile  7 

Nuinlier 
Sei-a  negative  to  tJH'  Wasseniiaiin  test,  hut   positive   to  tlie   Ileelit-Ciadwotil 

test     . 0 

Sera   cloiilitl'ul  to  the  Wassermann  test,  hut   ]iositive  to  the  Ileelit-Graclw..lil 

test     6 

Sera    positive   to   tlie    Wassenn.-nin    t.'st,    l)iit    impossihle   to   tlie    Heelit  (o-ad- 
UdhI    lest 7 
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in  the  water-bath  before   adding  tlie   hemolytic   system,   as   also   suggested   by 
Ruediger  (loc.  eit.). 

The  hemolytic  system  is  added  and  the  tubes  returned  to  the  water-bath  at 
37.5°  C.  for  thirty  minutes  and  read  as  before.  We  usually  do  two  i-eading.s, 
one  at  the  end  of  the  last  incubation,  and  one  when  all  the  cells  in  the  tubes 
showing  inhibition  have  settled  out.  The  final  reading  is  the  one  used  for  per- 
manent record.  "We  do  not.  however,  consider  a  doubtful  reaction  with  the  ice 
liox  method  as  diagnostic  of  lues,  but  we  do  consider  a  reaction  of  the  four-plus 

Table  II 

Luniiiaring   (1)   The    Wassennann    reac-tion    with    coniplcment    fixation    in    the    water-batli    at 
37.5°  C. 
(2)   the  Hecht-Gradwohl  reaction. 

(a)   Plain  antigen  and  (b)  plain  antigen  reinforced  with  cholesterol  was  used 
in  both  tests  in  60  cases  of  lues  involving  the  central  nervous  system. 
Results         (1) 

The  Wosscrmann  test,  using  plain  antigen,  cmnpiement  fixation  in  the  water-bath 
a-t  37.5°  C. 

Xuniber  Percentage 

Positive  22  36.66 

Borderline  4  6.66 

Negative  3i  56.66 

(1') 

The  Wassennann  test,   using   choJesteroUzcd  antigen,   complement  fj:aiion   in   the 
uater-bath  at  37.5°  C. 

Number  Percentage 

Positive  25  41.66 

Borderline  13  21.66 

Negative  22  36.66 

(2) 

The  necht-Gradwolil  test,  using  plain  antigen.     Total  number  of  eases  i>ossible,  55. 
Number  Percentage 

Positive  2S  50.9 

Borderline  3  5.45 

Impossible  5 

Negative  24  43.62 

(2') 

The  Heclit-Graxlwohl  test,  using  eholesieroHzed  antigen  in  the  same  cases. 
Number  Percentage 

Positive  37  67.2 

Borderline  3  5.4 

Impossible  5 

Negative  15  18.4 

Number 
Sera   negative  to  the   Wassermann   test,   liut   positive   to   the   Hecht-Grad- 
wohl test  with  plain  antigen    7 

Sera  doubtful   to  the  Wassermann   test,   but   positive  to  tlie   Hcclit-Grad- 

wohl  test  with  plain   antigen 5 

Sera  negative  to  the  Wassermann  test,  but  i)ositive  to  the  Hecht-Gradwohl 

test  with  cholestcrolized  antigen    5 

Sera  doubtful  to  the  Wassermann  test,  but  positive  to  the  Hecht-Gradwohl 

test  with  cholestcrolized  antigen    11 

Sera  positive  to  the  Wassermann  test,  but  impossible  to  the  Hecht-Grad- 
wohl test  with  both  plain  and  cholestcrolized  antigen   4 
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variety  as  diagnostic  of  lues.  We  liave  never  (with  oue  exception)  obtained  such 
a  reaction  in  a  person  who  was  not  a  luetic,  but  we  have  obtained  three  doubtful 
reactions  with  serum  from  patients  in  whom  the  diagnosis  of  lues  could  not  be 
made. 

Following  are  some  tables  compiled  from  data  derived  from  examinations 
of  over  one  thousand  sera  from  patients  admitted  to  Longview  Hospital,  to- 
gether with  fovir  hundred  and  ten  serum  examinations  on  patients  undergoing 
treatment  for  lues  at  the  State  Keformatory  for  Women,  at  Marysville,  Ohio. 
Luetic  cases  only  are  considered  in  the  accompanying  tables.  The  remainder  of 
the  sera  were  from  normal  persons,  that  is,  normal  so  far  as  could  be  determined 
by  serologic  and  clinical  examination. 

The  total  number  of  sera  from  which  Table  I  is  made  is  901.  Only  luetic 
eases  are  included  in  the  accompanying  tables. 

The  low  percentage  of  positive  reactions  obtained  in  this  as  well  as  in  our 
other  series  is  due  to  the  fact  that  nearly  100  per  cent  of  all  cases  admitted  to 
Longview  Hospital  have  been  subjected  to  long  and  vigorous  treatment  before 
the  tests  were  performed.  This  fact  accounts  also  for  the  considerable  number 
of  borderline  or  so-called  doubtful  reactions  as  serologic  tests  are  less  liable  to 
be  clear-ciit  positives  or  negatives  in  treated  eases  of  lues  than  in  untreated  ones. 

In  Table  II  the  percentage  of  positive  reactions  yielded  by  the  Hecht-Grad- 
wohl  test  over  the  Wassermann  test  is  10.  The  Hecht-Gradwohl  test  helped  to 
a  diagnosis  of  lues  in  15  cases  out  of  104  where  the  Wassermann  test  was  doubt- 
ful or  negative.  On  the  other  hand,  the  Wassermann  test  helped  to  a  diagnosis 
in  7  cases  of  lues  in  which  the  Hecht-Gradwohl  test  was  impossible  because  of 
the  absence  of  a  hemolytic  index. 

Tahlk  III 

Comp;iring   (1)    The  Wasseniiann   tost   witli   i-diiipli'iiu'iit   fixatimi   in   tlio   «ator-batli   for  thirty 
minutes  at  37.5°  C. 

(2)  The  Wassermann  test  with  conijileinent  li.xation   in  tlie  ii-e  box  for  ten  liours 
at  2°  C. 

(3)  The  Hecht-Gradwohl  test 

(a)  Plain  alcoholic  extract  of  beef  heart  and  (b)  the  same  extract  reinforced 
with  cholesterol  constituted  tlie  antigens  used  in  each  test.  Sera  from  62 
patients  suffering  with  neurosyphilis  in  one  form  or  another  were  suli- 
jected  to  the  above  tests.  Sera  from  319  nonluetic  persons  exaniineil  in 
the  same  series  showed  uniformly  negative  reactions  to  all  tests. 
Results         (1) 

Tlic   It'iis.icrmaim  t':sl   nilh   rdiniilciiioif  pj-alion  at  .'!7.5°   C.  for  Diirty  iniiuitcs   in 
tlic  water-bath  vitU  plain  untiiitn  in  (i2  cases  of  litcs. 

Number  Percentage 

Po.sitive  17  27.41 

Borderline  8  12.90 

Negative  .'57  .'iO.fi? 

a') 

The   Wassermann   test   icith   complement  fixation  at   37.5°    C.   with  eholcstcrolised 
antigen  in  ()2  cases  of  hies. 

Number  Percentage 

Positive  2.'!  37.09 

Borderline  12  19.35 

Negative  27  43.55 
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(3) 

The  Hechl-Graduohl  test  with  plain  antigen.     Total  nvmher  of  cases  possible,  55. 
Number  Percentage 

Positive  25  45.45 

Borderline  8  14.54 

Impossible  7 

Negative  22  40.00 

(3') 

The  HecMGradwohl  test  mith  cholesterolized  antigen  in  same  cases. 
Number  Percentage 

Positive  32  58.18 

Borderline  4  7.27 

Impossible  7 

Negative  19  34.54 

Number 
Sera  negative  to  the  water-bath  Wasscrmann  test  using  the  plain  antigen 

but  positive  to  the  Hecht-Gradwohl  test  using  the  plain  antigen 5 

Sera  doubtful  to  the  water-bath  Wassermann  test  using  plain  antigen  but 

positive  to  the  Hecht-Gradwohl  test  using  plain  antigen   5 

Sera  negative  to  the  water-bath  "Wassermann  test  but  positive  to  the  Hecht- 
Gradwohl  test,  cholesterolized  antigen  being  used  in  both  tests 4 

Sera  doubtful   to   tlie   water-bath   Wassermann   test,   using   cholesterolized 

antigen  but  positive  to  the   Hecht-Gradwohl  test  using  the  same  antigen     10 

(2) 

The  Wassermann  test  with  complement  fixation  in  the   ice  box  at  2"   C.  for  ten 

Iwurs  with  plain  antigen  in  62  cases  of  lues. 

Number  Percentage 

Positive  53  85.48 

Borderline  5  8.06 

Negative  4  6.45 

(2') 

The  Wassermaiin  test  with  complement  fixation  in  the  ice  box  at  2°  C.  for  ten 
hours  with  cholesteroli-Bed  antigen  in  62  cases  of  lues. 

Number  Percentage 

Positive  61  98.38 

Borderline  0 

Negative  1  1.61 

Twenty  sera  reacted  negativcl.y  using  two  antigens  in  the  Hecht-Gradwohl  test, 
which  yielded  positive  reactions  to  the  "Wassermann  test,  employing  complement 
fixation  in  the  ice  box  at  2°  C.  for  a  period  of  ten  hours.  Seven  sera  had  no 
hemolytic  index,  hence  the  Hecht-Gradwohl  test  was  not  done.  However,  all  of 
these  sera  showed  a  positive  reaction  to  the  "Wassermann  test  employing  comple- 
ment fixation  in  the  ice  box. 

lu  this  series  the  Hecht-Gradwohl  test,  using  the  plain  antigen,  helped  to 
a  diagnosis  of  lues  in  twelve  eases  -where  the  Wassermann  test  was  either  doubt- 
ful or  negative.  The  Heeht-Gradwohl  test,  using  cholesterolized  antigen,  helped 
to  a  diagnosis  of  lues  in  sixteen  eases  where  the  Wassermann  test  was  negative. 
On  the  other  hand,  the  Wassermann  test  made  a  positive  diagnosis  in  four  cases 
where  the  Hecht-Gradwohl  test  was  impossible. 

The  interesting  point  observed  in  this  series  is  the  high  percentage  of  posi- 
tive reactions  obtained  with  the  "Wassermann  test  when  complement  fixation  in 
the  ice  box  is  employed.  Under  these  conditions  the  Wassermann  reaction 
yielded  positive  reactions  in  twenty  cases  where  the  Hecht-Gradwohl  test  was 
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negative,  and  a  jiositive  re.u-tinn  in  seven  cast's  ■where  the  Ileeht-Oi'adwohl  was 
impossible.  In  other  words  twenty-seven  eases  of  lues  ont  of  the  sixty-two  in 
this  series  would  have  been  undiagnosed  serologieally  if  reliance  had  been  placed 
iipon  one  test  alone. 

We  must  bear  in  mind,  however,  that  this  does  not  mean  that  the  lleeht- 
Gradwohl  test  would  not  have  been  positive  had  complement  fixation  been  car- 
ried out  in  the  ice  box.  We  are  at  present  working  on  this  phase  of  the  work 
and  our  results  so  far  show  that  if  complement  fixation  in  the  Hecht-Gradwohl 
test  is  carried  out  in  the  ice  box  at  2°  C.  for  ten  hours  the  Wassermann  and 
Hecht-Gradwohl  tests  agrtn-  in  prae1  ically  100  per  cent  of  all  eases.  This  fea- 
ture will  be  dealt  with  in  a  future  study. 

T.\BLE    IV 

Compiling   (1)   The  Wassevmann  reaction  with  complement  fixation  at  .>7.5°  C.  for  30  minutes. 
(2)    The  Wa.ssermann  reaction  with  complement  fixation  at  2°  C.  for  10  hours. 
(.■J)   The  Hecht-Gradivohl  test 

.  (a)   Plain  antigen  and  (b)  cholesterolized  antigen  used  in  all  tests  in  20  cases 
of  latent  lues. 
Results         (1) 

The  iriilci  hiitli   W<i.-:.':cr)iutiiii  test  using  plain  antigen. 

Number  Percentage 

Positive  2  10 

Borderline  1  5 

Anticomplementary        0 
Negative  17  85 

(1') 

The  waicr-batlt   ll'usseniuinn   test  vsing  cholesteroli^ed  antigen. 
Number  Perceutage 

Positive  2  10 

Bordei'line  1  5 

Anticomplementary        0 
Negative  17  85 

(3) 

The  neeht-Grailwohl  test,  plain  antigen,  IS  eases  possible. 
Number  Percentage 

Positive  5  27.77 

Borderline  1  5.55 

Impossible  2 

Negative  12  6G.66 

(.T) 

The  Heeht-Gruilniihl   test,   ch'>lesteroli-ed  antigen,   18   eases. 
Number  Percentage 

Positive  9  50 

Borderline  0 

Impossible  2 

Negative  9  50 

(2) 

The  ice-box  IVasscrmann  test,  plain  antigen,  19  cases  possible. 
Number  Percentage 

Positive  15  78.95 

Borderline  1  5.26 

Anticoniiilementary        1 
Negative  3  15.79 
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(2') 

The  ice-hox  Wassennann  test,  cholesterolized  antigen,  19  cases. 

Number  Percentage 

Positive                          17  89.47 

Borderline                        1  5.26 

Antieoraplemontary       1 

Negative                         1  5.26 

In  many  of  these  ea.ses  the  diagnosis  of  lues  was  unsuspected  but  being 
led  by  the  positive  serology,  the  diagnosis  was  later  established  by  history  and 
close  physical  examination. 

Table  V 

Comparing  (1)   Tlie  water-bath  'Wassermanu   test,  using  plain   antigen   in   145  cases  of  lues 
under  treatment. 
(2)   The  Heclit-Gradwohl  test,  using  plain  antigen  in  126  possible  cases  of  lues 
under  treatment. 
Results         (1) 

The  icaier-bath  Tf'asscnnann  test  in  145  cases  of  treated  lues. 
Number  Percentage 

Positive  9  6.20 

Borderline  3  2.06 

Negative  l."3  91.72 

(2) 

The  Heclit-Gradwdhl,  plain  antii/cn,  126  cases  possihle,  treated  lues. 
Number  Percentage 

Positive  26  20.63 

Borderline  4  3.17 

Impossible  19 

Negative  90  76.19 

The  Heeht-Gradwohl  test  yielded  14  per  cent  more  positive  reactions  in  this 
series  of  treated  eases  than  did  the  Wassermann  test. 

Table  VI 
I'omiiaring  (1)   The  Wassermann  test,  complement  fixation  in  the  water-bath  at  37.5°  C.  for 
30  minutes. 

(2)  The  Wassermann  test,  complement  fixation  in  the  ice  box  at  2°  C.  for  10  hours. 

(3)  The  Hecht-Gradwohl  test. 

(a)   Plain  antigen  and    (Ij)    cholesterolized  antigen  used  in  all  tests  of  157 
cases  of  lues  under  treatment. 
Results         (1) 

The  water-both   IVassermann  test  rising  plain  antigen  in  157  cases. 

Number  Percentage 

Positive  12  7.64 

Borderline  5  3.18 

Negative  -    140  89.17 

(!') 

The  water-hath  ll'assermann  te.it  using  cholesterolized  antigen. 
Number  Percentage 

Positive  17  10.82 

Borderline  15  9.55 

Negative  125  79.61 
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(3) 

The  nccIit-Gradirolil  test  imng  p?(/iii  antigen,  128  cases  possible. 

Number  Percentage 

Positive                          2o  19.53 

Borderline                       3  2.3-i 

Impossible  29 

Negative                     100  78.12 
(3') 

The  Hccltt-Graduohl  test  using  clwlesteroU-ed  antigen  in  128  cases. 

Number  Percentage 

Positive                          3G  28.12 

Borderline                     1-1  10.93 

Impossible  29 

Negative                        7S  60.93 
(2) 

The  iee-box  Wusscrmann  test,  plain  antigen  in  157  cases. 

Number  Percentage 

Positive                            09  43.94 

Borderline                       18  11.46 

Negative                        70  44..58 

in 

The  iee-hox  TVassermunn  test,  cholcstcrolized  antigen  in  157  cases. 

Number  Percentage 

Positive  S3  52.86 

Borderline  17  10.82 

Negative  57  36..'?0 

The  data  in  Table  VII  serves  to  show  that  even  using  the  acetone-insoluble 
antigen  in  the  Hecht-Gradwohl  test  does  not  yield  as  high  a  percentage  of  posi- 
tive reactions  as  does  the  Wassermanu  reaction  employing  complement  fixation 
in  the  ice-box.  However,  this  does  not  in  any  way  militate  against  the  earlier 
conclusions  of  Gradwohl,  neither  does  it  detract  in  the  slightest  degree  from  the 
efficiency  of  his  test.  We  may  repeat  here  that  when  the  two  tests  are  carried 
out  with  complement  fixation  in  the  ice  chest  in  both,  the  results  agree  in  about 
100  per  cent  of  the  cases. 

Our  tables  serve  to  show  tliat  methods  of  complement  fixation  in  the  ice 
chest  are  superior  to  methods  of  complement  fixation  in  the  water-bath.  Wliy 
is  this  so?  We  may  begin  our  answer  to  this  question  by  stating  that  when  a 
serologist  uses  only  one  method  of  complement  fixation  in  lues  he  neglects  the 
quantitative  relationship  of  the  Wa.sscrmann  reaction.  It  is  true  that  in  the 
untreated  secondary  cases,  or  in  cases  of  lues  reacting  strongly  to  the  germ  of 
syphilis,  the  original  Wassermanu  tochnic  will  yield  positive  reactions  in  about 
100  per  cent,  even  though  the  weakest  antigen,  such  as  the  plain  alcoholic  extract 
of  beef  heart,  is  used.  In  latent  lues,  treated  lues  and  lues  involving  the  nervous 
system  such  a  procedure  will  yield  at  best  a  low  percentage  of  positive  reactions, 
whereas  the  more  delicate  mcHioils  will  yield  a  much  higher  percentage  of  posi- 
tive reactions.  It  is  just  as  iiniiortant,  and  infinitely  more  difficult,  to  establi.sh 
a  diagnosis  in  the  latent  types  of  lues  as  in  the  frank  types,  hence  the  need  of 
more  delicate  reactions  such  as  the  Tlecht-r!r;ulwolil  fcsl  and  ice  box  fixation 
tests. 
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Table  VII 
Comparing  (1)   The  water-bath  Wassermaim  test,  using  plain  and  cliolesterolized  antigen. 

(2)  The  iee-box  Wassermanu  test,  using  plain  and  cholesterolized  antigen. 

(3)  The  Hecht-Weinberg-Gradwohl  test,  using  the  cholesterolized  and  the  acetone 
insoluble  antigen. 

Of  three  hundred  sera  thus  examined  twenty-two  were  from  patients  suffering 
with  neurosyphilis,  seventy -seven  were  from  cases  of  lues  under  treatment,  the 
remainder  were  negative  both  clinically  and  serologically. 

Results  in  twenty-two  cases  of  neurosyphilis. 

(1) 

The  watcr-hath   Wussei-muiiu  test  using  plain  antigen. 


Number             Percentage 

Posi'i  ive 

13                       59.09 

Borderline 

2                           9.09 

Negative 
(1') 
The  watcr-iath  IFassermaiin 

7                         31.81 

test  using  cholesterolized  antigen. 

Number             Percentage 

Positive 

16                       72.72 

Borderline 

2                           9.09 

Negative 

4                         1S.18 

(2) 

The  ice-box  Wassermann  test  using  plain  antigen. 

Number  Percentage 

Positive  21  95.45 

Borderline  1  4.54 

Negative  0 

(2') 

The  ice-box  TVassermann  te.^t  using  cholesterolized  antigen. 


Number 

Percentage 

Positive 

22 

100 

Borderline 

0 

Negative 

0 

(3) 

The  Eecht-Gratlwohl  lest, 

cholesterolized 

ai 

tigcn  in  21  possible  cases. 

Number 

Percentage 

Positive 

15 

71.42 

Borderline 

3 

14.28 

Impossible 

1 

Negative 

3 

14.28 

The  Hccht-Gradu-ohl  test. 

acetone-insolu 

hh 

antigen  in  21  possible  cases 

Number 

Percentage 

Positive 

17 

80.95 

Borderline 

3 

14.28 

Impossible 

1 

Negative 

1 

4.76 

Results  in  seventy-seven  eases  of  treated  lues. 

(1) 

The  water-bath  Wassermann  test,  plain  antigen,  77  cases. 

Number  Percentage 

Positive                            1  1.29 

Borderline                        3  3.89 

Negative                        73  94.81 
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(T) 

27ic  water-hath  Wusscrmann  test,  cliolesterolized  antigen. 

Xiimber  Percentage 

Positive                            7  9.09 

Borderline                       2  2.59 

Negative                        6S  88.31 
(2) 
Tlic  ire-Vox   ll'r:ssennann   test,  plain  antigen,  77   eases. 

Numljor  Percentage 

Positive                          22  28.57 

Borderline                      10  12.98 

Negative                        15  58.14 
(2') 
The   iee-hox   Wassermann   test,  eholesleroiized  antigen. 

Nnmber  Percentage 

Positive                          36  46.75 

Borderline                       5  6.49 

Negative                        36  46.75 
(3). 

The  Heeht-Gradv^ohl  test,  ehoies1er<)U::ed  antigen,  68  cases  possible. 

Number  Percentage 

Positive                            6  8.82 

Borderline                      16  23.53 

Impossible  9 

Negative                        46  67.64 
(,T) 

The  neehl-Gradieohl  test,  a'Cetonc-insoluble  antigen,  68  cases. 

Number  Percentage 

Positive                          16  23.53 

Borderline                       9  13.23 

Impossible  9 

Negative                        43  63.23 

Tlie  main  reason  why  tlie  iee  bo.\  method  of  fixation  is  superior  to  the  water- 
Imtli  method  is  that  the  former  test  will  detect  the  antiluetic  reacting  substances 
in  the  blood  .stream  in  higher  dilutions  than  will  the  latter.  To  prove  this  one 
has  but  to  perform  the  following  simple  experiment. 

The  serum  used  in  this  experiment  yielded  the  fdllowing  results  when  sub- 
jected to  our  routine  tests  using  .1  c.c.  of  serum : 

W;iter  batli  WnsseriHaiiii  test  Results 

Plain   antigen    +  +  +  + 

Cliolesterolized  antigen   +  +  +  + 

lee  box  Wassermann  test 

Plain  antigen    +  +  +  + 

Cliolesterolized  antigen   +  +  +  + 

Hccht-Gradwolil  test 

Plain    antigen    Positive  (a  +  b  +  c  +  d  -) 

Cliolesterolized  antigen   Positive   (a  +  b  +  c  +  d  -) 

Acetone    Insolulile    .-intineii    I'ositive   (a  +  b  +  c  +  d-) 

It  will  he  readily  seen  Ihat  this  ser\im  cniilaiiis  a  higli  cinicoiitratioii  of  the 
reacting  substances  of  lues. 

This  serum  was  diluted  as  iiidicati'd  in  tlic  diagram  in  two  sets  of  tulics  ;uid 


COMPLEMENT-FIXATION    METHODS    IN    SYI'IilLIS 


247 


the  "Wassermami  reaction  employinn;  water-bath  fixation  was  performed  on  one 
set  of  tubes;  the  ice  chest  method  of  fixation  was  performed  using  the  other 
set.  Plain  and  cholesterolized  antigens  were  used.  The  results  of  the  water- 
liath  fixation  are  recorded  in  the  upper  portion  of  the  tube  in  the  diagram,  the 
results  of  the  ice  chest  fixation  in  the  lower.  It  is  readily  seen  that  the  ice  box 
fixation  method  using  cholesterolized  antigen  yields  a  ---4-  reaction  in  a  higher 
dilution  than  does  either  the  plain  antigen  in  the  ice  chest  or  both  the  antigens  in 
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the  water-bath.     (Note  results  in  the  set  of  tubes  containing  .008  c.c.  of  patient's 
serum.) 

One  finds  that  wlien  working  with  sera  which  react  strongly  to  the  original 
Wassermauu  test  complement  fixation  takes  place  with  great  rapidity  whereas 
with  serums  containing  less  of  the  reacting  substances  complement  fixation  takes 
place  much  more  slowly.  In  this  respect  complement  fbcation  follows  the  laws 
of  adsorption,  a  point  in  favor  of  Bordet's  theory  concerning  the  phenomenon. 
This  fact  also  points  to  an  explanation  of  why  the  longer  pei'iod  of  ice  box 
fixation  method  using  cholesterolized  antigen  yields  a  ^+++  reaction  in  a  higlier 
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period  of  complement  fixation  iu  the  water-bath.  The  main  reason  why  long 
periods  of  fixation  cannot  be  carried  ont  in  the  water-bath  is  that  complement 
deteriorates  rapidly  in  the  water-bath. 


1.  C'holesterolized  antigen  properly  prepared  and  titrated  yields  from  10 
to  15  per  cent  more  positive  Wassermann  reactions  on  luetic  sera  than  does  the 
plain  antigen.  We  consider  it  a  perfectly  safe  antigen  to  employ  in  the  Wasser- 
mann reaction  with  complement  fixation  in  the  ice  box  at  2°  C.  for  a  period  not 
longer  than  ten  hours  observing  the  precautions  outlined  in  this  paper.  We 
have  obtained  but  one  positive  reaction  employing  such  methods  in  which  the 
clinical  findings,  the  history,  or  both,  did  not  justify  a  diagnosis  of  lues.  We 
may  say  here  that  we  still  have  this  patient  under  observation  and  there  is  a 
great  possibility  which  may  be  later  established  that  this  patient  has  had  lues. 

2.  The  Hecht-Gradwohl  test  when  positive  in  the  temperate  zone  is  diagnostic 
of  lues.  It  will  yield  15  per  cent  more  positive  reactions  on  luetic  sera  than 
does  the  classical  Wassermann  reaction.  It  may  be  employed  in  from  95  to  98 
per  cent  of  fresh  sera  (not  over  forty-eight  hours  old).  It  does  not  yield  false 
positive  results  in  tuberculosis. 

The  Wassermann  test  employing  complement  fixation  in  the  ice  box  at  2°  C. 
wall  yield  a  much  higher  percentage  of  positive  reactions  than  does  the  Hecht- 
Gradwohl  test  employing  complement  fixation  in  the  water-bath.  With  com- 
plement fixation  under  the  same  conditions,  however,  the  tests  practically  agree. 

The  three  serologic  reactions  appear  in  the  serum  and  disappear  under 
treatment  in  the  following  order: 

The  ice  box  Wassermann  reaction  is  the  first  to  appear  positive,  the  Hecht- 
Gradwohl  test  follows,  the  water-bath  Wassermann  reaction  appearing  last. 
Under  treatment  the  water-bath  AVassermann  reaction  disappeai's  first,  the 
Hecht-Gradwohl  reaction  next,  the  ice  box  Wassermann  reaction  last. 
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PRIMARY  LYMPHOSARCOMA  OF  THE  STOMACH. 
TWELVE  CASES 


A  REPOR T  OF 


By  a.  C.  Broders,  M.D.,  and  A.  E.  Mahle,  M.D.,  Mayo  Clixic, 
EocHESTER,  Minnesota 


PRIMAEY  lymphosarcoma  of  the  stomac-h  compared  with  carcinoma  of  the 
stomach  occurs  in  the  proportion  of  1  to  68  according  to  the  records  of 
the  Mayo  Clinic.  But  few  eases  are  reported.  Ruppert,  in  1912,  collected 
twelve  cases  from  the  German  literature,  to  which  he  added  one.  A  few  cases 
have  appeared  from  time  to  time  in  American,  English,  and  French  literature. 


^'S-  -■ — fal90100).     Section  of  lymphosarcoma  shown  in  Figure  1.     The  neoplasm  has  pushed  up  the  mucosa 
and   invaded   the   musculature. 

In  our  series  of  t-\velve  cases  of  lymphosarcoma  of  the  stomach  observed 
at  the  Mayo  Clinic  from  January  1,  1913,  to  December  1,  1920,  the  average 
duration  of  clinical  symptoms  was  six  and  eight  hundredths  mouths.  Eleven 
patients  gave  a  history  of  loss  of  weight,  nine  of  pain,  seven  of  vomiting,  and 
two  of  bleeding;  two  had  histories  suggestive  of  previous  ulcer.  The  aver- 
age age  of  the  patients  was  forty-six  and  twenty-five  hundredths  years;  the 
youngest  patient  was  16,  and  the  oldest.  62.    Eleven  were  males. 
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In  seven  cases  the  cliiiicid  diagnosis  was  carcinoma;  in  one  ulcer;  in  one' 
abdominal  tumor,  jDrobably  inflammatory;  in  one  lesion  of  the  stomach,  prob- 
ably malignant;  in  one  pyloric  obstruction;  in  one  upper  abdominal  tumor, 
probably  of  the  pancreas. 

Eeseetion  was  performed  in  six  cases;  in  the  other  six  the  condition  was 
found  to  be  inoperable  on  exploration.  The  neoplasms  were  located  for  the 
most  ]iart  in  the  pyloric  portion  of  the  stomach. 


Fig   4.— (a2GS4.i4 


PATHOLOGY 

Macroscopic  E.nniii initioii. — On  section  (if  the  stomach  the  rolled  edged 
border  of  the  neoplasm  with  its  raised  surface  presents  the  appearance  of  a 
mushroom,  lying  in  the  folds  of  the  normal  mucosa  (Figs.  1  and  2).  The  sur- 
face of  this  may  or  may  not  be  ulcerated;  the  ulceration  may  be  shallow  or 
deep  (Figs.  3  and  4).  On  section  the  neoplasm  is  fairly  soft  and  resilient  and  pale 
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straw  colored:  it  is  limited  largely  to  tiie  submucosa,  but  here  and  there  in- 
vades the  musculature.  The  thickness  of  the  wall  of  the  stomach,  including 
the  tumor,  may  be  as  much  as  3  cm.  The  growth  in  one  of  the  cases  in  this 
series  was  very  extensive.  It  appeared  to  extend  directly  through  the  muscle 
and  serosa  into  the  gastrocolic  omentum.  The  surrounding  lymph  nodes  were 
also  extensively  involved. 

Microscopic  Examination. — The  tumor-cells  massed  about  the  glands  of  the 
gastric  mucosa  involve  the  entire  space  of  the  submucosa  and  extend  down 


Fig,  3.— (a3I6187).      I, 


oernph   ?lKi\vinK   the  neoplastic  cells  massed  around 


Fig.  0.— (a3363f,5).     Lo 


■■:  '-v^-^^ 

"];-%_. 
''•*'j'^-^ 

■    r-.>--"ii-; 

* 

;..) 

>••'' 

■•^. 

betM-eeu  the  muscle  fibers  (Figs.  5,  6,  and  7).  The  cells  resemble  for  the  most 
part  those  of  the  germ  center  with  areas  of  normal  lymphocytes  scattered  here 
and  there.  These  cells  are  larger  than  normal  lymphocytes,  usually  irregular 
and  often  contain  prominent  single  nucleoli  (one-eyed  cells).  The  tissue  is 
recognizedly  lymphoid,  but  the  absence  of  germ  centers  and  the  fact  that  the 
entire  section  is  but  a  homogeneous  structureless  mass  of  cells  with  the  excep- 
tion of  a  few  lymphocytes  are  particularly  striking.     In  two  of  the  six  cases 
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in  which  a  portion  of  the  stomach  was  resected  the  lymph  nodes  were  involved, 
and  in  one  the  serosa.  In  four  of  the  six  cases  which  proved  to  be  inoperable 
at  tlie  time  of  exploration  the  adjacent  lymph  nodes  were  involved  (Fig.  8). 


Two  of  the  six  patients  who  had  resections  died  of  peritonitis  following 
operation.  One  patient  died  four  months  after  operation  with  a  recurrence  in 
the  lower  bowel,  liver,  and  remainder  of  the  stomach.     One  returned  prac- 


-(a336365).      High    power   photomicrograph    of   a   neoplastic   area   shown    in    Figure   6. 


Fig.  8.— (3205800).     High  po 


lymph   node   ly 


tically  five  months  after  operation  in  poor  condition;  he  had  lost  20  pounds  and 
he  had  a  mass  in  the  left  epigastrium  which  probably  was  a  recurrence.  An- 
other returned  practically  seven  months  after  operation,  apparently  with  a 
recurrence.  The  remaining  patient  was  operated  on  too  recently  to  be  consid- 
ered in  the  results.  Four  of  the  six  jDatients  who  had  explorations  are  dead. 
They  lived  for  from  six  weeks  to  four  months  after  exploration.  Information 
has  not  been  received  from   tlic  ivniaining  Im'o  patients. 

BlP.LlOCiKAl'lIY 

K\ilipcrt,  Ti. :      Imii  ]iriiniircs  t'nilot4ii«tii''i'li''s  Lyniiilids.-irkdin,  Wioii.  klin.  Wcliiisclu-.,  1912,  xxv, 
l'J70-li)7i;. 


THE  ETIOLOGY  OF  ACUTE  INFLAMMATIONS  OF  THE  NOSE. 
PHARYNX  AND  TONSILS^:= 


By  Stuart  Mudd,  3LD..  Samuel  B.  Grant,  iLD.,  and  Alfred  Goldman,  iLD., 

St.  Louis,  Mo. 

{Continued  from  page  190.) 


VASOMOTOR  REACTIONS  TO   CHILLING 

TEMPERATUEE  changes  in  the  skin  and  exposed  mucous  membranes  were 
thus  established  as  valid  criteria,  under  the  conditions  of  our  experiments,  of 
vasomotor  tone.  The  graphs  to  follow  actually  show  surface  temperature 
changes;  their  significance  is  of  alterations  in  blood  supply.  Obviously,  fall 
in  temperature  means  reflex  vasoconstriction,  a  rise,  vasodilation. 

The  vasomotor  responses  to  chilling  of  a  distant  area  of  the  body  surface 
exhibited  in  the  exposed  skin  of  the  forehead  and  of  the  mucous  membrane  of 
the  soft  palate  and  oropharynx,  respiration  and  other  conditions  being  care- 
fully controlled  as  described  above,  may  readily  be  made  out  from  Fig.  4. 

The  two  lower  curves  of  this  figure  are  composite  graphs  of  four  experi- 
ments of  similar  pattern.  The  points  chosen  for  plotting  are:  the  first  and 
last  readings  of  each  experiment,  the  readings  immediately  before  and  after  each 
change  in  experimental  conditions,  and  the  first  point  of  maximum  response  of 
the  mucous  membrane  to  changed  conditions;  each  point  graphed  is  the  average 
value  of  the  corresponding  point  of  the  four  experiments.  Time  is  plotted  on 
the  horizontal  axis,  temperature  on  the  vertical;  the  space  between  the  ruled 
lines  represents  ten  minutes  on  the  abscissa,  oue-half  degree  centigrade  on  the 
ordinate.  The  character  of  the  lines  connecting  the  points  gives  the  nature  of 
the  experimental  conditions,  as  indicated  in  the  legend. 

"While  respiration  is  quiet  and  the  subject  wrapped,  mucous  membrane 
and  skin  temperatures  remain  constant.  Deepening  of  respiration  affects  only 
inconsiderably  the  skin  temperature,  but  causes  a  depression  of  mucous  mem- 
brane temperature  amounting  to  .68°  C,  which  reaches  its  maximum  after 
25.4  minutes,  and  then,  during  the  remaining  8.5  minutes  before  chilling  be- 
gins, remains  virtually  constant. 

The  subject  was  chilled  by  unwrapping  him  and  directing  the  draft  of  an 
electric  fan  against  the  lower  thoracic  region  of  his  back.  With  the  start  of 
this  process,  a  marked  depression  both  of  mucous  membrane  and  of  skin  tem- 
perature begins.  The  maximum  fall  of  mucous  membrane  temperature  is 
1.42°  C,  reached  in  18.4  minutes.  The  synchronous  point  on  the  skin  curve 
represents  a  drop  of  1.73°  C.    The  skin  curve  falls  away  a  little  more  sharply 


•From  the  Department  of  Pathology,  Washington  University  School  of  Medicine,  St.  Louis,  Mo., 
and  the  Laboratory  of  Biophysics  of  tht   Cancer  Commission  of   Harvard  University,   Boston,   Mass. 

The  bibliography  will  appear  at  the  end  of  the  third  section  of  this  paper  in  the  March  number  of 
ihe  Journal  of  Laboratory  and  Clinical  Medicine. 
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than  the  mucous  memliraue  curve.  However,  eveu  if  the  vasoconstriction  in 
skin  and  mucous  membrane  were  to  follow  an  identical  course,  we  should  ex- 
pect, on  mechanical  grounds,  this  difference  in  the  curves ;  for  the  more  ex- 
posed forehead  would,  of  course,  lose  heal  more  rapidly  than  the  mucosa  of 
the  palate  and  pharynx. 
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ments  (blood  temperature).      Subject   chilled  by   unwrapping,   with   draft  of 


nposite  graphs  of  four  experi- 
soft  palate)  and  two  experi- 
ectric   fan   on   back. 


When  it  was  seen  the  mucous  membrane  temperature  had  ceased  to  fall, 
the  fan  was  turned  off  and  the  subject  again  wrapped.  Here  a  disparity  in  the 
behavior  of  skin  and  mucous  membrane  vessels  appears.  The  skin  tempera- 
ture climbs  steeply  and  surmounts  the  level  at  which  chilling  began.  The 
skin  "reacts,"  as  is  commonly  said.  But  the  mucous  membrane  temperature 
rises  only  .73°  C.  Its  maximum  recoAcry  is  reached  after  12.7  miiuites  and  is 
.69°  C.  below  the  last  point  before  cliillinii'.  During  the  reniaining  3.5  minutes 
of  observation,  it  falls  .21°  C. 
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Xo  explanation  in  mere  physics  is  to  be  found  for  the  mucous  membrane 
temperature  remaining-  depressed ;  if  its  vessels  returned  to  the  same  tone  as 
before  chilling,  the  temperature  curve  should  return  to  control  level.  Yet  this 
same  incomplete  recovery  after  chilling  was  noted  in  all  the  crucial  experiments 
upon  soft  palate  and  pharynx,  alike  the  early  determinations  with  respiration 
uncoutrolled  and  the  final  ones  with  respiration  controlled.  Measurement  of 
the  respiration  records  for  the  four  experiments  graphed  in  Fig.  4  was  made, 
and  the  mean  figure  arrived  at  for  respiratory  amplitude  before  chilling  dif- 
fered from  that  after  chilling  by  only  a  fraction  of  one  per  cent.  In  those 
experiments  in  which  respiration  was  slightly  deeper  before  as  well  as  in  those 
in  which  it  was  a  few  per  cent  deeper  after  chilling-,  the  failure  of  the  mucous 
membrane  temperature  to  regain  its  former  lever  is  usvially  evident.  We  are 
forced  to  conclude,  therefore,  that  the  vasoconstriction  and  ischemia  reflexly 
produced  in  the  palatine  and  pharyngeal  mucous  membrane  by  chilling  the 
body  surface  persist  in  part  for  some  time  at  least.  The  skin  in  our  experiments 
has  tended  more  completely  to  regain  its  blood  supply.  The  tonsils  have 
tended  to  regain  their  blood  supply  even  more  completely  than  the  skin;  in 
some  instances  actually  becoming  hyperemic  on  rewarming  (Grant,  Mudd  and 
Goldman,  1920). 

The  uppermost  curve  in  Fig.  4  is  a  composite  of  two  lilood-temperature 
control  experiments  which  followed  the  same  pattern  as  the  two  lower  curves. 
For  discussion  see  abo\e. 

A  few  experiments,  illustrating  typical  reactions  in  the  several  regions  of 
the  nose  and  throat,  may  now  be  briefly  considered: 

Experiment  A-. — il.M.  thermopile  on  auterioi-  half  of  soft  palate.  Skin  thermopile  on 
forehead.  Respiration,  IS  per  minute.  Mouth  open,  nose  breathing.  Thoracic  anil  abdominal 
pneumographs.     Boom  temperature  17.9°  to  18.8°   C. ;  time,  3:55  to  5:16  p.m. 

Experiment  A  from  0:00  to  0:50,  shows  the  typical  picture  described  for 
the  composite  graph  above  save  that  the  anterior  palatine  mucous  membrane 
is  not  affected  by  deepening  respiration.  At  0:.50  the  subject's  feet  were  ex- 
posed, wrapped  in  cold  wet  towels,  and  the  electric  fan  turned  on  them.  This 
seems  to  have  been  without  effect  upon  the  forehead,  but  was  followed  appar- 
ently by  a  slight  depression,  .29°  C,  of  mucous  membrane  temperature.  This 
effect  M'as  not  sufficiently  definite  to  warrant  much  emphasis,  but  is  at  least 
suggestive  in  view  of  the  possible  efficacy  of  wet  feet  in  exciting  colds. 

Administration  of  amyl  nitrite  at  1:03,  while  the  feet  were  still  being- 
chilled,  was  followed  by  a  steep  rise  in  mucous  membrane  and  skin  tempera- 
tures with  quick  return  to  normal.  The  break  in  the  skin  curve  is  meant  to 
indicate'that  it  may  have  risen  above  30.50-  C.  in  the  interval,  1:02  to  1:08  dur- 
ing which  no  skin  readings  were  made. 

The  uppermost  curve  in  Fig.  5  is  a  blood  temperature  control. 

Experiment  B.— II.JI.  thermopile  on  posterior  wall  of  oropharynx.  Skin  thermopile  on 
forehead.  Eespiration,  18  per  minute.  Nostrils  plugged  with  cotton,  mouth  breathing. 
Thoracic  and  abdominal  pneumographs.  Room  temperature,  19.0°  to  20.6°  C. ;  time,  10:11 
P.M.  to  12:. 33  A.M. 
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The  curve  of  Experiment  B  (Fig.  6)  shows  tlie  pharyngeal  mucous  mem- 
brane reacting  in  essentially  the  manner  indicated  in  the  composite  graph,  and 
shown  also  for  the  palatine  membrane  in  Experiment  A.  The  difficulties  in 
technic  are  considerablj'  greater  with  the  thermopile  applied  to  the  phar.ynx 
than  to  the  palate,  however,  and  the  curve  is  never  so  smooth.  The  effects 
of  moving  the  pharyngeal  wall  against  the  thermopile  terminals  by  coughing, 
swallowing  or  clearing  the  throat,  is  shown  at  0:27,  0:50.5  and  1:41.    Presum- 
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Fig.  5. — ChilliiiK  and  amyl-nitrite  effects.  Experiment  A  (temperatures  of  skin  and  mucous  mem- 
brane of  soft  palate)  and  Experiment  K  (blood  temperature):  a,  wrapped;  b,  unwrapped;  c,  wrapped;  d, 
unwrapped,  fan  on  back;  sh,  shivering  begins;  c,  fan  off,  wrapped;  shivering  stops;  /,  unwrapped,  cold,  wet 
towel  to  back;  sh,  is  shivering;  g,  dried  and  wrapped;  k,  cold,  wet  towels  to  feet,  fan  on  feet;  p,  more  cold 
water  poured  on  towels  around  feet;  r,  respiration  is  exaggerated;  q,  fan  off,  feet  dried  and  wrapped. 

ably  two  factors  play  a  part  in  the  sudden  rise  in  temperature  produced;  the 
momentarily  increased  pressure  between  terminals  and  mucous  membrane 
slightly  increased,  mechanically,  the  temperature  of  the  former;  the  painful 
mechanical  irritation  of  the  mucosa  by  the  metal  terminals  and  applicator 
probably  caused  a  transient  blush.    The  rises  in  temperature,  which  took  place 
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before  chilling,  altlioug-li  apparently  elicited  by  less  movement,  were  much  more 
marked  than  that  which  occurred  during  the  active  vasoconstriction  with  chill- 
ing— 1.77°  and  2.69°  as  compared  with  .98°  C. 

The  effect  upon  skin  temperature  of  inhaling  amyl  nitrite  is  shown  (2:17). 
A  rise  of  .50°  C.  is  again  produced. 

It  is  to  be  remembered  that,  since  the  mucous  membrane  and  skin  curves 
of  each  experiment  are  synchronous,  the  annotations,  although  drawn  in  as 
though  applying  only  to  one  curve,  apply  equally  to  both. 
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Fig.  6. — Effects  of  chilling,  mechanical  irritation  and  amyl  nitrite.  E-xperiment  B  (temperatures  of 
skin  and  mucous  membrane  of  oropharyn.x)  :  a,  coughs  and  clears  the  throat;  d,  coughs  and  clears  throat; 
i,  clears  throat  and  swallows;  s,  swallows;  sh,  begins  shivering;  r,  misses  several  respirations;  p,  exact 
time  of  point  p  not  known. 

Experiment  C. — M.M.  thermopile  on  posterior  wall  of  nasoplmryivx.  Skin  applicator  on 
forehead.  At  first,  nostrils  plugged,  breathing  through  mouth;  later,  breathing  through  nose, 
mouth  open.  Respiration,  18  per  minute.  Thoracic  and  abdominal  pneumographs.  Eoora 
temperature,  15.7°  to  16.9°  C. ;  time,  4:15  to  5:45  P.M. 


With  the  anterior  nares  plugged  and  the  soft  palate  raised  in  month 
breathing,  the  nasal  chamber  was  virtually  a  closed  cavity,  whose  temperature 
did  not  vary  with  the  rate  of  blood  flow  through  its  walls.  Correspondingly, 
the  mucous  membrane  curve  (Fig.  7)  showed  no  certain  change  when,  at 
0:08.5,  respiration  was  deepened,  nor  at  0:22,  when  the  subject  was  unwrapped 
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and  chilled  with  the  electric  fan.    The  skin  curve,  on  the  other  hand,  dropju'd 
off  characteristically,  to  recover  when  the  subject  Avas  rewrapped. 

At  0 :46  the  nostrils  were  unplugged  and  nose-breathing  began.  The  naso- 
pharynx at  once  came  into  free  communication  with  the  outer  air,  and  was 
cooled  by  each  respiration,  and  became  dependent  upon  its  blood  supply  for 
maintenance  of  its  temperature.  When  equilibrium  had  been  reached,  the  sub- 
ject Avas  again,  at  1 :07.5,  unwrapped  and  chilled  with  the  fan.  Mucous  mem- 
brane and  skin  temperatures  fell  together,  the  former  reaching  a  maximum  de- 
pression of  1.83°  C.  in  six  minutes,  the  latter  of  1.95°  in  eight  niiinites.    After 
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Fig.  7.— Chilling  effect.  Experiment  C  (temperatures  of  skin  and  mncons  membranes  of  naso- 
pharynx): HI,  nostrils  plugged,  breathing  through  mouth;  c,  coughs;  n.  plugs  removed  from  nostrils, 
breathes  through  nose;  cc,  coughs  three  times. 

reA\rapping  at  1 :16,  the  mucous  membrane  temperature  i"ose  in  six  minutes  to 
a  maximum  point  .38°  below  the  control  level,  then  fell  .slightly;  the  skin  tem- 
perature mounted  in  four  minutes  to  a  maximum  only  .10°  beloAV  control  level. 
In  the  experiments  of  the  first  series  a  single  exception  to  the  rule  that 
mucous  membrane  temperature,  upon  wrai^ping  after  chilling,  does  not  regain 
its  original  level,was  found  in  the  experiment  performed  upon  a  faucial  tonsil. 
In  this  ease  mucous  membrane  temperature  rose  well  above  control  level.  With 
this  idea  of  determining  whether  or  not  this  liehavior  was  characteristic,  and 
because  of  the  peculiar  importance  of  the  tonsils  as  a  site  of  infection,  a  second 
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series!  of  experiments  was  performed  with  especial  reference  to  the  tonsillar 
reactions.     These  confirmed  the  earlier  observation. 

The  curves  on  the  right  of  Fig.  8  are  a  composite  of  four  experiments  upon 
tonsil  and  skin ;  on  the  left  are  shown  for  comparison  composites  of  two  exper- 
iments with  the  soft  palate  and  one  with  the  oropharynx  as  mucous  membrane 
site  of  application. 

In  the  tonsillar  curves  chilling-  begins  at  0:15:  mucous  memlirane  and  skin 
temperature  fall  away  steeply  together.  Upon  rewrapping  at  0:27  skin  tem- 
perature returns  not  quite  to  control  level,  tonsillar  temperature  considerably 
above  it.    In  the  palatine-pharyngeal  curve,  on  the  other  hand,  the  character- 
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Fig.  8. — Reactions  to  chilling  and  to  rewarming.  On  left,  composite  of  three  experiments.  (Tem- 
peratures of  skin  and  mucous  membrane  of  soft  palate  and  oropharynx.)  On  right,  composite  of  four  ex- 
periments.    (Temperatures  of  skin  and  mucous  membrane  of  faucial  tonsils.) 

istic  failure  to  regain  normal  relaxation  of  vasomotor  tone  after  chilling  is 
again  evinced. 

EXPERIMEXT  D. — M.JI.  thermopile  on  left  faucial  tonsil.  Skin  application  on  forehead. 
Nostrils  plugged,  breathing  through  mouth.  Respiration,  14  per  minute.  Thoracic  and  ab- 
dominal pneumographs.     Room  temiierature  17.3°  to  19.45°  C. ;  time,  11  .\.M.  to  12  M. 


Experiment  D  illustrates  the  same  reactions  as  the  composite.  With  the 
beginning  of  chilling  at  0:12  skin  and  mucosa  lose  heat  together,  to  regain  it 
on  rewrapping  at  0:17.5.  By  0:34.5  the  mucous  membrane  temperatui'e  had 
risen  to  33.85=  C,  1.32°  above  the  level  at  which  chilling  began.  At  0:35  an 
ampule  of  amyl  nitrite  is  inhaled.    The  vasodilation  in  the  already  hyperemia 
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tousillar  mucous  membrane  was  evidently  insufficient  to  counterbalance  the 
effect  of  lowered  general  blood  pressure,  so  that  a  fall  in  temperature  resulted. 
The  skin  temperature  on  the  other  hand,  rose  characteristically  with  the  amyl 
nitrite.  As  the  flush  passed,  skin  temijerature  fell  and  mucosal  temperature  rose 
to  its  former  level. 
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seen  to  be  all  right;  b,  flush  fading;  c.  respiratioi 
shallow;    d,    breathes    deeper. 


Fig.  10. — Chilling  and  amyl  nitrite  reactions. 
E.xperiment  E  (temperatures  of  skin  and  mucous 
membrane  of  faucial  tonsil):  a,  clears  throat;  c, 
coughed;  /,  face  flushed;  b,  flush  passing,  amyl 
nitrite  taken  away;  sli,  shivering;  d,  clears  throat; 
c,  respiration  too  shallow,  deepened;  g,  subject 
fainted. 


Experiment  E. — M.M.  thennoiiile  on  left  faucial  tonsil.  Skin  applicator  on  forehead. 
Nostrils  plugged;  mouth  breathing.  Kespiration  14  per  minute.  Thoracic  and  abdominal 
pneumographs.     Room  temperature  17.5°  to  18.5.5°   C. ;  time,  10:56  to  11:4.3  a.m. 


Fig.  10  with  the  beginning  of  chilling  at  0:2:3  shows  the  usual  temperature 
fall;  the  recovery  curve  was  terminated  prematurely  by  the  subject  uufortu- 
natelv  fainting.    Amyl  nitrite  was  administered  during  chilling  at  0:32.5.  Vaso- 
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dilation  here  evidently  more  than  counteracted  blood  pressure  fall,  for  the  skin 
and  mucous  membrane  temperatures  each  rose  steeply. 

The  reactions  of  the  nasal  cavity  have  recently  been  found  to  be  similar  in 
quality  to  those  of  the  oropharynx  and  nasopharynx,  but  quantitatively  much 
more  striking.  Twelve  experiments  have  been  performed  on  seven  different 
subjects  of  Aryan,  Semitic  and  ^Mongolian  stock.  The  sites  tested  are  the 
nasal  septum,  inferior  and  middle  turbinates,  and  inferior  and  middle  meati, 
all,  because  of  difficulty  in  application  farther  back,  in  the  anterior  half  of  the 
nasal  cavity. 
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e.xperiments.  (Temperatures  of  skin  and  of  mucous  membrane  of  nasal  septum,  inferior  turbinates 
niddle  meatus,  in  anterior  half  of  nasal   cavity.) 


In  every  case  chilling  of  the  body  surface  has  resulted  in  reflex  vasocon- 
striction in  the  nasal  mucous  membrane,  rewarming  in  vasodilation.  Striking 
vasodilation  occurs  on  inhaling  amyl  nitrite. 

The  reflex  to  the  nasal  mucous  membrane,  as  is  also  the  case  for  the  mucous 
membranes  of  the  palate,  nasopharynx,  and  oropharynx,  and  for  the  skin 
of  the  base  of  the  neck,  appears  to  have  a  lower  threshold  than  the  correspond- 
ing reflex  to  the  skin  of  the  forehead.  Merely  unwrapping  the  subject  in  a 
room  of  14.0°  to  18.0°  C.  in  a  number  of  instances  resulted  in  no  change  or  a 
very  slight  fall  in  skin  temperavare  and  a  fall  in  mucous  membrane  tempera- 
ture of  1.5'  to  2.0°  C,  or  even  more. 
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Application  to  the  nasal  mucosa  of  the  thermopile  terminals  was  extremely 
irritating  and  resulted  in  discharge  of  considerable  amounts  of  clear  mucus. 
The  discharge  was  both  on  the  side  of  the  cavity  in  which  application  was 
made  and  on  the  opposite  side,  although  more  abundant  on  the  former.  It 
seemed  to  be  little  if  at  all  affected  by  the  marked  shrinkage  of  the  mucous 
membrane  during  chilling.  In  three  experiments  the  subject  thought  secretion 
was  slightly  more  copious  during  chilling;  in  one  he  thought  it  slightly  less.  In 
others  no  cliange  in  secretion  was  noted.  These  last  observations  bring  out  two 
facts : 

(1)  Discharge  from  the  nasal  cavity  may  be  reflex  and  may  occur  in  re- 
gions of  the  nose  not  directly  irritated. 

(2)  Rhinorrhea  is  not  necessarily  accompanied  by  vasomotor  turgescence 
in  the  nasal  cavity. 

The  nasal  vasomotor  reactions  are  illustrated  by  Figs.  11  and  12. 

Fig.  11  is  a  composite  of  seven  experiments  of  similar  pattern  performed 
upon  four  subjects.  The  sites  used  were  the  right  and  left  sides  of  the  nasal 
septum,  the  right  and  left  inferior  turbinates,  and  the  left  middle  meatus. 

A  transitory  fall  of  0.6°  C.  in  mucous  membrane  temperature  followed 
deepened  respiration.  On  unwrapping  the  subject,  mucous  membrane  tempera- 
ture was  depressed  1.4°  C,  skin  temperature  synchronouslj-  only  0.2°  C.  Turn- 
ing an  electric  fan  on  the  subject's  lower  back  resulted  in  a  further  mucous 
membrane  fall  of  3.7°  C.  and  a  skin  fall  of  2.1°  C.  Maximum  recovery  for 
mucous  membrane  was  3.7°  C.  (71  per  cent)  ;  for  skin  the  corresponding  re- 
covery was  1.8°  C.  (77  per  cent). 

Experiment  F. — M.M.  thermopile  on  anterior  end  of  left  inferior  turbiiuite.  Skin  ap- 
plicator on  forehead.  Mouth  closed;  nasal  breathing.  Eespiration  14  per  minute.  Thoracic 
and  abdominal  pneumographs.     Boom  temperature  16.0°  to  17.0°  C. ;  time,  1:14  to  2:48  P.M. 

Fig.  12  illustrates  in  an  individual  experiment  the  reactions  brought  out 
in  the  composite.  With  unwrapping  at  :12.0  the  skin  temperature  is  not  de- 
pressed for  two  and  a  half  minutes;  the  mucous  membrane  temperature  in  like 
time  falls  1.6°  C.  The  pronounced  drop  in  both  mucous  membrane  and  skin 
curves  with  fan  on  is  interrupted  by  a  sharp  rise  following  amyl  nitrite  admin- 
istration at  :23.25,  amounting,  iu  the  ease  of  the  mucosa,  to  3.9°  C,  in  that  of  the 
skin  to  1.1°  C.  After  unwrapping,  the  mucous  membrane  temperature  in  this  ex- 
periment slightly  more  than  regained  its  level  of  before  chilling, —  (in  most  of  the 
experiments  it  remained  depressed).  Inhalation  of  amyl  nitrite  in  this  flushed 
condition  of  the  mucous  membrane  resulted  in  a  momentary  depression  of  0.2°  C, 
followed  by  a  rise  of  0.6°  C.  Skin  temperature  rose  1.0°  C.  approximately  as  be- 
fore. The  experiment  ends  with  a  profound  vasoconstriction  of  mucous  mem- 
brane and  skin  vessels  incident  on  a  second  chilling  with  the  fan. 

Checking  of  quantitative  results  by  qualitative  observations  of  redness: 
The  experimental  analysis  outlined  above  adequately  proves,  it  seems  to  us, 
that  chilling  of  the  body  surface  reflexly  produces  vasoconstriction  in  the  ves- 
sels supplying  the  normal  mucous  membranes  of  the  palate,  tonsils,  oropharynx 
and  nasopharynx,  and  of  the  nasal  cavity.  However,  in  order  to  secure  still 
further  corroboration,  observations  of  the  appearance  of  the  mucous  mem- 
branes and  their  blood  vessels  were  made. 


ACUTE    IXFLAililATlOXS    OF    NOPE.    PHARYXX    AXD    TOXSILS 


263 


Twelve  experiments  were  performed.  Of  the  five  observers  who  noted  the 
appearance  of  the  buccal  and  oropharyngeal  memhi-anes  before  and  after  di- 
rect exposure  of  those  membranes  to  cold  air,  all  were  of  the  opinion  that,  with 
the  direct  chilling,  blanching  occurred.     Of  the  six  observers  who  noted  the 


Fig.  12. — Chilling,  rewarming  and  amyl  nitrite  reactions.  Experiment  F  (temperatures  of  skin_  and 
mucous  membrane  of  left  inferior  turbinate,  anterior  end):  a,  subject  unwrapped;  b,  fan  on;  c,  amyl  nitrite 
inhalation  begins;  d,  face  has  begun  to  flush;  c,  flush  fading,  stops  inhaling;  sh,  shivers;  /,  is  shivering; 
a'r,  fan  off,  warmly  wrapped;  g,  m.  tu.  apijlicator  feels  to  subject  to  be  in  correct  position;  It.  »).  "i.  applica- 
tor readjusted  so  that  subject  can  feel  pressing  against  turbinate;  ;.  amyl  nitrite  administered;  *,  face 
flushed;  /,   stops  inhaling  amyl   nitrite;    "i.   flush   fading;    ;i,   unwrapped,   fan;   o,    is   shivering    hard. 

appearance  of  the  soft  palate  and  the  seven  who  studied  the  normal  orophar- 
ynx before  and  after  chilling  of  the  body  surface,  all  said  that  the  membranes 
paled  while  the  skin  was  being  chilled.  Onlj-  one  observer  specifically  studied 
the  reaction  of  the  tonsils.  He  said  that  they  blanched  during  the  skin's  chill- 
ing. Of  the  three  observers  who  watched  the  changes  following  re'\\Tapping, 
one  simply  said  that  reddening  occurred:  two  said  that  reddening  occurred 
only  to  a  slight  extent. 

The  first,  i.  e.,  the  response  of  the  mucous  membranes  to  direct  chilling, 
was  not  suitable  to  thermogalvanometric  stud}^  The  observation  that  blanch- 
ing occurred  is,  however,  in  harmony  with  observations  upon  direct  cooling 
of  the  nasal  mucous  membrane  made  by  Cocks  (1915).  The  other  points 
observed  are  wholly  in  accord  with  the  quantitative  studies. 
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Results  ill  liariiioiiy  with  our  owu  have  been  iniblished  by  Tsehalussow 
(1913)  who  used  the  iio.se  with  posterior  nares  packed,  as  a  plethysmographic 
chamber  and  studied  the  results  of  chilling  the  feet  and  lower  legs  and  of 
other  sensory  stimulation,  and  by  Galeotti  (1920)  who  studied  the  effect  upon 
the  temperature  of  the  expired  air  of  cutaneous  chilling  and  Avarming. 
Tschalussow^  found  that  in  a  human  subject  emersion  of  the  feet  and  lower 
legs  in  water  at  18°  C.  caused  a  marked  decrease  in  the  volume  of  the  nasal 
cavity;  electrical  stimulation,  needle  pricks  and  scratching  the  skin  caused 
vasoconstriction  also,  but  to  a  less  degree.  Galeotti  (1914)  found  that  the 
temperature  of  the  expired  air  is  depressed  1°  to  2°  C.  by  cutaneous  chilling, 
raised  correspondingly  by  warming.  In  explanation  of  this  he  advanced  the 
somewhat   improbable   hypothesis   of   pulmonary   vasoconstriction. 

Vasomotor  reactions  of  abnormal  tissues. — Eeactions  in  chronic  inflam- 
matory throats:  One  new  point  of  great  interest  was  brought  out  by  the  ob- 
servation experiments  in  which  the  pillars  and  tonsils  were  seen  to  blanch 
wdth  the  cutaneous  chilling.  The  pharynx  of  this  same  subject  was  much 
injected.  He  gave  a  history  of  having  noticed  a  sore  throat  about  a  week 
before,  which  he  thought  had  cleared  up;  the  night  before  the  experiment  he 
had  driven  an  open  machine  without  an  overcoat,  and  his  sore  throat  had 
returned.  The  diagnosis  was  chi'onic  catarrhal  pharyngitis  with  pustules.  This 
inflamed  throat  did  not  pale  with  the  rest  of  the  mucous  membrane,  but  if 
anything,  its  injection  was  intensified  by  chilling  the  body  surface. 

In  a  thermogalvanometric  experiment  upon  a  case  of  chronic  pharyngitis 
of  two  years'  standing,  a  similar  reaction  resulted  (Fig.  13). 

History. — Began  smoking  1915;  used  about  four  cigarettes  daily.  In  1916,  began 
smoking  fifteen  to  twenty  cigarettes  daily;  about  this  time  pharyngitis  began.  Since  has 
smoked  eight  to  ten  cigarettes  daily.  Treated  April,  May  and  June,  1917,  Johns  Hopkins 
dispensary,  with  argyrol,  etc.  No  improvement.  Treated  twice  a  week  with  argyrol  and  silver 
nitrate,  Kovember  and  December,  1918,  in  St.  Louis.  No  improvement.  Told  smoking  was 
probable  cause,  and  if  he  would  stop  smoking  throat  would  get  well.  Condition  unchanged 
August  2,  1918,  when  experiment  was  performed. 

ExPEElMENT  6. — M.M.  thermopile  on  inflamed  posterior  wall  of  oropharynx.  Skin 
thermopile  on  forehead.  Respiration,  13  per  minute.  Nostrils  plugged;  mouth  breathing. 
Thoracic  and  abdominal  pneumographs.  Room  temperature,  18.7°  to  19.5°  C. ;  time,  10:10 
to  11:35  P.M. 

The  skin  curve  in  Fig.  13  is  typical.  The  mucous  membrane  temperature  shows  the  fall 
with  deepened  respiration  which  of  necessity  would  follow  inhalation  into  the  pharynx  through 
the  open  mouth  of  increased  volume  of  cold  air.  However,  with  chilling,  0:18.5  to  0:42,  the 
mucous  membrane  temperature,  instead  of  dropping  with  the  skin  temperature,  shows  a  slight 
transient  rise.  The  shape  of  the  curve,  reaching  its  height  in  the  middle  of  the  period  of 
chilling  and  then  slowly  sinking,  apparently  uninfluenced  by  the  cessation  of  chilling,  sug- 
gests that  it  records  some  slight  changes  in  local  vasomotor  tone  quite  independent  of  the 
cutaneous  chilling,  or  alterations  in  general  blood  pressure,  or  some  slight  accidental  change 
in  experimental  conditions.  At  all  events  there  is  no  questioning  the  fact  that  the  normal 
reflex  vasoconstriction  is  absent. 

Inhalation  of  an  ampule  of  amyl  nitrite  (1:08  to  1:09.5)  was  followed  by  characteristic 
vasodilation.  Measurement  of  the  respiration  record  shows  breathing  to  have  been  suddenly 
deepened  at  1:09  (Fig.  13,  r)  and  to  have  maintained  itself  abnormally  deep  until  1:14.5, 
when  the  subject  eonld  no  longer  maintain  the  slow  rhythm,  and  respiration  became  quick  and 
shallow.      The  jjreliminary   fall   of   mucous  memlir.nie    ti'iii|ii'rnturc  from  1:09  to  1:10.5  was 
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doubtless  due,  therefore,  to  deepened  respiration  and  a  fall  in  general  blood  pressure;  the  rise 
from  1:10.5  to  1:13.25  was  unquestionably  due  to  local  vasodilation  and  occurred  in  spite  of 
deepened  respiration  and  lowered  blood  pressure. 

Amyl  nitrite  causes  vasodilation  by  direct  action  upon  the  smooth  muscle  of  the  blood 
vessel  walls.  This  typical  dilator  response  of  the  inflamed  throat  to  amyl  nitrite  shows, 
therefore,  that  the  vessel  walls  are  capable  of  reacting  normally.  The  typical  skin  curve 
would  indicate  proper  functioning  on  the  part  of  the  afferent  and  association  elements  of 
the  reflex  arc.  This  failure  of  normal  reaction  to  cutaneous  chilling,  in  so  far  as  conclusions 
can  be  drawn  from  a  single  experiment,  must  then  be  referred  to  the  motor  elements  of  the 
reflex  arc,  and  probably  has  its  seat  in  or  near  the  inflamed  mucous  membrane.* 
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Fig.  13. — Chilling  and  amyl  nitrite  effects  upon  chronically  inflamed  oropharynx.  E-xperiment  G 
(temperatures  of  skin  and  mucous  membrane  of  oropharynx):  n,  plugs  pulled  from  subject's  nose;  begins 
nose  breathing;  r,  respiration  suddenly  deepened;  f,  face  flushed,  g,  flush  passing:  respiration  still  exag- 
gerated. 

Reaction  to  amyl  nitrite  of  an  acute  inflammatory  palate: 

Experiment  H. — M.M.  thermopile  upon  the  intensely  injected  soft  palate.  Acute 
pharyngitis  and  tonsillitis.     Respiration  uncontrolled.  Mouth  breathing  (except  0:00  to  0:23). 

At  0 :10.5  (Fig.  14)  subject  inhaled  by  mouth  an  ampule  of  amyl  nitrite. 
A  steep  fall  of  mucous  membrane  temperature  amounting  to  2.69°  C.  followed. 
The  minimum  temperature  was  reached  in  13.5  minutes,  and  was  followed  by 
a  rise  of  2.56°  C,  attained  in  four  minutes. 

Evidently  the  vessels  of  the  inflamed  membrane  were  practically  max- 
imally dilated.  The  temperature  change  observed  was  therefore  the  result  of 
the  increase  in  depth  of  respiration  and  the  depression  of  general  blood 
pressure. 

Reflex  reactions  of  scar  tissue  to  chilling : 


"This  experiment  is  included  as  suggestive  merely,  not  conclusive;  for  in  later  work  it  was  found 
that  a  normal  throat  which  ordinarily  responded  to  chilling  by  reflex  vasoconstriction  would  occasionally 
fail  to  exhibit  that  response.  The  explanation  seemed  to  be  usually  or  always  that  excessive  swallowing 
and  resultant  traumatization  of  the  pharynx  occurred  during  the  period  of  chilling,  with  consequent  dila- 
tion of  the  vessels,  as  shown  in   Fig.  6.     Such  may   possibly  have  been   the  case  in   this  experiment. 
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Experiment  I. — Keloid  removed  from  cliest  wall  August  24,  1918.  Experiment  per- 
formed September  25,  1918.  Star  at  that  time  2.5  by  1  cm.;  red;  covered  with  epithelium. 
First  thermopile  on  normal  skin  of  chest  near  scar.  Second  thermopile  on  scar.  Room  tem- 
perature, 21.35°  to  21.6°  0.      (See  Fig.  15,  curves  on  left.) 

The  subject  sat  -wrapped  from  0:00  to  0:11.5;  the  sites  of  application  of 
the  thermopiles  were  of  course  freely  exposed.  At  0:11.5,  the  subject  wa& 
bared  from  the  waist  up,  and  chilled  with  ice  bags  to  her  back.  Skin  and  scar 
temperatures  both  fell  sharply.  The  scar  temperature  reached  a  maximum 
depression  of  .90°  C.  in  1.0  minute,  the  skin  of  1.12°  C.  in  4.5  minutes.  At 
0:17.5,  the  subject  gasped  and  heaved  her  chest.  Possibly  as  a  result  of 
mechanical  irritation,  the  scar  temperature  at  once  rose,  although  skin  tem- 
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Fig.   14. — Effect   of  amyl  nitrite  upon  acutely  inflamed  soft  palate.     Experiment   II   (temperatures  of  mucous 
membrane  of  soft  palate):   ji,  breathing  through  nose;   m,  changes  to  mouth  breathing. 

perature  was  not  affected.  At  0  ;20.75  the  subject  stood  up  to  wrap  herself ^ 
and  may  have  disturbed  the  position  of  the  scar  applicator,  although  no  dis- 
placement was  visible.  After  wrapping,  the  skin  temperature  rose  typically, 
the  scar  temperature  fell. 

This  experiment  on  new  scar  tissue  shows,  certainly,  i-eflex  vasoconstric- 
tion in  response  to  chilling.  To  what  degree  the  later  atypical  behavior  of  the 
scar  temperature  actually  represents  its  vasomotor  reactions  and  to  what  the 
failure  of  the  subject  to  cooperate,  it  is  difficult  to  say. 

Experiment  J. — Radical  operation  June  7,  1918,  for  carcinoma  of  breast.  Experiment 
performed  September  23,  1918.  First  thermopile  on  normal  skin  near  scar.  Second  thermopile 
breast.  Sites  of  application  exposed  throughout  experiment.  Room  temperature,  15.f)5°-16.35°' 
C.     (See  Fig.  15,  middle  curves.) 
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The  subject  was  chilled  at  0:07.5  merely  l\v  lunvrapping  iu  the  cold  room. 
Scar  temperature  dropped  1.80°  C.  within  5.0  minutes;  skin  temperature, 
2.63°  C.  within  5.0  minutes.  Upon  rewrappiug  at  0:14.5,  scar  temperature  rose 
.45°  C.  in  3.0  minutes;  skin  temperature,  1.54°  C.  in  4.0  minutes. 

Experiment  K. — Admitted  to  hospital,  February  1,  1918,  with  liistory  of  liaving  ulcer 
on  forehead  for  a  year.  Diagnosis;  syphilitic  ulcer.  Slow  improvement  under  specific  treat- 
ment. June  21,  1918,  skin  graft  to  ulcer  from  leg.  Favorable.  Discharged  July  7,  1918. 
Experiment  performed  September  12,  1918.  Scar  about  5  cm.  in  diameter,  red,  covered  with 
thin  epithelium.  First  tliermopile  on  normal  skin  near  scar.  Second  thermopile  on  scar. 
Room  temperature,  17.8°  to  17.95°  C.     (See  Fig.  15,  curves  on  right.) 

At  0:11.5  the  subject  was  bared  from  the  waist  up,  and  an  electric  fan 
turned  on  her  back.  Hairs  over  her  forehead  were  not  disturbed;  thus  the 
sites  of  application  were  not  much  cooled  by  draft.     The  scar  temperature  fell 
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Fig.  15. — Reflex  effects  of  chilling  on  scar  tissue.  Experiments  I,  J,  and  K  (temperatures  of  scars 
and  contiguous  skinK  Experiment  I:  a,  subject  moves,  sighs,  etc.;  b,  subject  bared  from  waist  up;  ice 
bags  to  back;  c,  gasps;  d.  gasps,  heaves  chest;  g,  wrapped  (subject  stood  up  to  wrap  self;  when  she  sat 
down  again  the  skin  applicator  was  found  to  have  tilted;  the  scar  applicator  seemed  all  right,  but  it  also 
had  probably  moved  somewhat):  h.  heaves  sigh.  Experiment  J:  k,  body  bared  from  waist  up;  no  fan  or 
ice  bag  used;  m,  wrapped.  Experiment  K:  u,  body  bared  from  waist  up;  fan  on  back;  hairs  on  forehead 
not  disturbed  at  all  by  draft;  s,  shivers;  w,  fan  off;  wrapped. 


2.09°  C.  in  6.0  minutes,  the  skin  0.82°  in  4.5  minutes.  Upon  wrapping  at 
0:18.5,  scar  temperature  rose  1.96°  C.  in  4.0  minutes;  skin  1.55°  C.  in  6.5 
minutes. 

These  reactions  would  seem  to  explain  the  cyanosis  of  fresh  scars  during 
cutaneous  chilling.  The  arteriolar  constriction  doubtless  renders  the  flow  of 
blood  through  the  wide  capillary  network  scant  and  sluggish,  thus  allowing 
unusually  complete  absorption  of  oxygen  from  the  oxyhemoglobin. 

AFTER  EFFECTS   OP    CHILLING-EXPERIMENTS   OP   SERIES   OP    1918 

Subject  S.  B.  G.  after  being  chilled  as  subject  for  fourteen  experiments  over 
a  period  of  twenty-two  days  in  midsummer,  developed  severe  rhinitis,  followed 
quickly  by  pharyngitis,  tonsillitis,  and  injection  of  uvula  and  soft  palate.    Sub- 


268  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

jeet  retained  an  abnormal  susceptibility  to  cokls  thronghout  fall  and  early 
winter. 

Subject  S.  M.,  after  being  chilled  as  subject  for  fifteen  experiments  over  a 
period  of  twenty-four  days  in  midsummer,  developed  a  slight  neviralgia  in 
left  shoulder.  Next  day  was  again  subject.  The  day  thereafter  pleurisy 
developed  in  left  chest.  Neiiralgia  yielded  to  local  treatment.  Pleuritic 
sj-mptoms  lasted  two  weeks.     Mucous  membranes  remained  normal. 

Chilled  again  in  November  without  ill  effect.  Chilled  December  4;  ex- 
periment 4 :00  to  6 :00  P.M.  By  following  morning  slight  congestion  in  naso- 
pharynx had  developed,  which  persisted  three  or  four  days.  Chilled  January 
2  without  after-effect  other  than  nausea,  vomiting  and  headache. 

This  subject  noticed  that  entering  the  cold  room  from  the  hot  outside  air 
of  summer  was  frequently  followed  by  violent  intestinal  peristalsis  and  defe- 
cation. This  subject  irrigated  his  nose  and  throat  after  each  exposure  with  a 
weakly  alkaline  salt  solution,  used  hot,  with  the  idea  of  both  cleansing  and  of 
producing  hyperemia.  Following  irrigation  a  spray  of  0.5  per  cent  phenol  in 
liquid  albolene  was  used  after  the  winter  exposures. 

Subject  A.  G.,  on  August  1,  chilled.  After  exposure,  low  grade  pharyn- 
gitis developed  and  persisted  some  days. 

Subject  J.  D.  R.,  with  chronic  pharyngitis ;  chilled  twice,  subject  thought 
after  second  exposure  was  exacerbation  of  pharyngitis. 

Subject  C  A.,  suffered  after  single  exposure  no  ill  effects  other  than  head- 
ache. 

Subject  B.  J.  F.,  no  symptoms  after  an  observation  experiment. 

CONCURRENT    BACTERIOLOGIC    STUDIES SUMMER    OF    1919 

Several  instances  during  the  experiments  of  1918  seemed  at  least  sug- 
gestive of  experimental  excitation  of  infection.  The  case  of  S.  M.  in  partic- 
ular seemed  to  point  to  chilling  as  the  exciting  factor.  The  experiment  was 
a  blood  temperature  control  in  which  he  sat  from  4  to  6:09  p.m.,  December  4,. 
1918,  with  closed  mouth,  the  bulb  of  a  thermometer  beneath  his  tongue.  H& 
forced  respiration  from  4:12  to  6:09  p.m.,  and  was  chilled  by  a  fan  from  4:47 
to  5:09  P.M.  Shivering  began  at  4:48  p.m.,  and  had  become  very  severe  by 
4:52  P.M.  The  subject  had  not  been  aware  of  other  recent  exposure  to  cold  or 
infection.  By  the  morning  of  December  5,  nasopharyngeal  stuffiness  had 
developed  sufficiently  to  cause  the  remark  by  a  friend  that  he  had  a  cold.  The 
symptoms  persisted  three  or  four  days.* 

A  study  of  the  flora  of  the  nose  and  throat  during  the  experiments  of  the 
summer  of  1919  seemed,  then,  to  be  well  worth  while. 

Maierkil  and  Method. — The  medium  employed  was  a  5  per  cent  rabbit 
blood  meat  infusion  agar.  Baked  blood  agar  was  also  used  in  each  instance  as 
a  special  medium  for  Bacillus  influenzfe.  Sputum  from  each  subject  M'as  in- 
jected into  a  mouse  for  typing  pneumococcus.  Cultures  Avere  taken  from  the 
nose  through  the  anterior  nares,  from  the  tonsil,  and  from  the  posterior 
pharyngeal  wall  by  means  of  separate  swabs.     Each  swab  was  immersed  in 


•Similarly  we  have  noted  wh.it  we  believe  to  be  an  excitation  of  infection  after,  and  ijresimiably  due 
to  chilling  in  a   number  of  carefully  observed   instances  in   our  everyday  experience. 
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Sterile  broth  aud  then  applied  both  to  a  red  and  baked  blood  agar  plate,  the 
remaining  area  of  the  plate  was  iuociUated  by  means  of  a  platinum  loop. 
Films  were  made  directlj^  from  the  same  swab. 

The  cultures  were  incubated  for  36  hours.  The  plates  were  then  divided 
into  eight  segments,  aud  every  colony  in  two  to  four  segments  of  the  plate  was 
counted  and  its  nature  determined.  An  attempt  was  made  to  detect  any 
marked  changes  in  the  flora  and  particularly  in  the  relative  proportions  of  the 
bacteria  present.  On  account  of  the  difficulty  of  differentiating  pneumococcus 
from  Streptococcus  viridans  hy  morphology  these  two  were  put  in  the  same 
group. 

Results. — Four  different  subjects  were  used  in  this  study.  Two  developed 
clinical  sore  throats;  a  third  had  some  symptoms  of  malaise  and  headache;  a 
fourth  was  unaffected.  The  results  obtained  with  the  nose  cultures  were  en- 
tirely negative.  Subjects  A.  G.  and  S.  M.  showed  Staphylococciis  aureus;  sub- 
jects W.  G.  E.  and  S.  B.  G.,  Staphylococcus  albus.  No  attempt  was  made  to 
sterilize  the  vestibule  of  the  nose  before  swabbing.  The  flora  obtained  from 
the  nose,  as  has  been  found  bj-  other  investigators  (Thomson,  1913),  was  at  all 
times  exceedingly  sparse,  but  the  above  organisms  were  always  found  to  be 
present.  They  showed  no  changes  with  exposure.  The  results  obtained  from 
pharynx  and  tonsil  in  each  instance  are  given  in  Tables  I  to  III. 

From  the  pharynx  and  tonsil  of  Subject  S.  ]M.  before  the  experiment  there 
were  cultured  Streptococcus  viridans,  Pneumococcus  Type  II  atypical,  and 
Bacillus  influnzs.  He  was  then  subject  of  Exiserimeut  7.  AVithin  24  hours  he 
had  a  clinical  sore  throat:  coincident  with  this,  there  was  a  sudden  appearance 
of  Streptococcus  hemolyticus  in  the  cultures  from  both  tonsil  and  pharynx. 
During  the  days  following,  with  the  disappearance  of  the  sore  throat,  the  num- 
ber of  colonies  of  Streptococcus  hemolyticus  fell  off  rapidly.  The  remaining 
bacteria  showed  no  evident  change. 

ExpjnilMENT  7.— Subject  S.  M.,  June  7,  1919,  ■S:45  to  6  P.M.  Mucous  membrane  ther- 
mopile on  left  tonsil.  Eespirations  14  per  minute.  Mouth  open ;  nostrils  plugged.  Room  tem- 
perature 18.10-19.60°  C.  0:00  to  0:31.5.  Wrapped;  normal  breathing;  swallowed  many  times, 
0:31.5  to  0:44.  Wrapped;  deep  breathing.  0:44  to  0:55.5.  Unwrapped;  fan  on  back;  deep 
breathing.  0:52,  Shivers.  0:55.5.  Coughs,  chokes,  applicator  removed;  blood  flecks  seen 
about  terminals.  4:57  P.M.,  experiment  started  again.  0:00  to  0:06.  Wrapped;  deep  breath- 
ing. 0:06  to  0:13.5,  Unwrapped;  fan  on;  deep  breathing;  shivering;  swallows  many  times. 
0:13.5  to  0:33.5.  Wrapped;  deep  breathing.  0:33.5.  Conditions  the  same;  amyl  nitrite 
inTialed.  0:35  to  0:44.  Wrapped:  deep  breathing,  some  coughing  and  swallowing.  0:44 
to  0:53.     Hot  water  bag  around  subject;  wrapped;  deep  breathing. 

On  the  following  morning  the  feeling  of  soreness  had  practically  left  the 
traumatized  tonsil,  but  the  posterior  wall  of  the  oropharynx  felt  sore.  On  in- 
spection a  localized  area  of  injection  bearing  a  whitish  exudate  was  seen  on 
the  posterior  wall  of  the  oropharynx.  In  culturing,  the  contact  of  the  swab  on 
this  area  was  a  little  painful,  and  the  culture  yielded  streptococci,  as  explained 
above.  The  tonsillar  ring  was  injected,  but  the  feeling  of  soreness  on  the 
tonsil  entirely  passed  off  during  the  day  and  contact  of  the  .swab  in  culturing 
was  hardly  felt.  Thus  the  traumatized  tonsil  showed  less  evidence  of  being 
the  site  of  an  active  infection  than  the  posterior  pharyngeal  wall,  which  was 
thought  not  to  have  been  directly  traumatized,  but  of  course  we  cannot  ex- 
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elude  the  possibility  that  the  oropharynx  was  infected  by  hemolytic  strepto- 
cocci from  the  tonsillar  crypts — so  commonly  a  habitat  for  them — which  were 
missed  in  the  earlier  cultures  and  were  disseminated  by  the  experimental 
trauma  and  swallowing. 

In  subject  W.  G.  E.  there  were  present  Streptococcus  viridans,  Bacillus 
influenzae,  Streptococcus  hemolyticus,  and  Staphylococcus  albus.  Following 
Exi^eriment  D  there  were  no  noteworthy  changes.  The  plate  inoculated  from 
the  pharynx  about  26  hours  after  Experiment  8,  however,  showed  a  pure  cul- 
ture of  Bacillus  influenzie ;  the  tonsillar  plate  showed  also  a  .slight  relative  in- 
crease. The  film  from  the  pharynx  showed  practically  all  Gram-negative  bacilli 
with  an  occasional  coccus.  The  subject  had  no  sore  throat,  but  complained  of 
general  malaise,  slight  headache,  and  some  chilly  sensations.*  The  phaiynx 
culture  made  96  hours  after  Experiment  8  was  practically  the  same  as  before 
the  experiment.  Streptococcus  viridans  and  Staphylococcus  albns  appearing  as 
before. 

ExPERiMEST  S.t— Subject  W.  G.  E.,  June  16,  1919,  3:20  to  4:07  p.m.  Mucous  mem- 
brane thermopile  on  anterior  half  of  soft  palate,  left  side.  Bespirations  16  per  minute. 
Mouth  open;  nostrils  plugged.  Room  temperature  20.22-20.90°  C.  0:00  to  0:05.5.  Wrapped; 
normal  breathing.  0:05.5  to  0:11.  Wrapped;  deep  breathing.  0:11  to  0:32.  Unwrapped; 
fan  on  back;  deep  lirpathing.     0:32  to  0:47.     Wrapped;   deep  breathing. 

With  the  applicator  resting  against  the  anterior  soft  palate  there  is  no  reason  for  sup- 
posing trauma  to  the  tonsils  and  pharynx.  Organisms  could  hardly  have  been  introduced  from 
outside  by  the  applicator,  for  this,  with  the  thermopile  terminals  attached,  was  freshly  coated 
with  shellac  in  alcoholic  solution  before  being  adjusted  for  an  experiment. 

Subject  A.  G.  was  the  subject  of  five  experiments,  June  8,  10,  13,  16,  and 
18.  On  June  15  he  noted  a  soreness  on  swallowing,  and  on  June  16  the  entire 
posterior  phaiynx  and  tonsillar  ring  were  distinctly  injected.  The  experiment 
of  June  16  produced  no  sudden  increase  in  symptoms;  on  June  17  the  sore 
throat  had  practically  disappeared.  On  June  19,  36  hours  following  an  experi- 
ment, the  subject  again  developed  a  sorene.ss  on  swallowing,  with  congestion  of 
the  posterior  pharynx  and  tonsillar  ring.  On  June  20  the  sj-mptoms  had  sub- 
sided.   On  June  21  there  was  no  longer  any  injection  or  soreness. 

This  subject  had  present  in  his  throat  Streptococcus  viridans.  Staphylo- 
coccus aureus,  and  Staphylococcus  albus.  Twenty-four  houi's  following  the 
first  experiment  there  was  noted  for  the  first  time  the  appearance  of  Micrococcus 
eatarrhalis.  Subsequently  there  appeared  to  be  a  certain  degree  of  correlation 
between  the  appearances  of  sore  throat  and  the  rises  iu  relative  numbers  of 
^Micrococcus  eatarrhalis  colonies.  No  other  change  in  the  bacterial  flora  was 
apparent. 

EXPEBIMEXT  9.— Subject  A.  G.,  June  S,  1919,  3:.'58  to  5:06  p.sr.  Mucous  membrane 
applicator  on  left  tonsil.  Respirations  10  per  minute.  Mouth  open;  nostrils  plugged.  Room 
temperature  18.1-19.45°  C.  0:00  to  0:06.  Wrapped;  normal  breathing.  0:06  to  0:15. 
Wrapped;  deep  breathing.  0:15  to  0:43.  Unwrapped;  fan  on  back;  deep  breathing;  some 
swallowing,  coughing,  and  clearing  of  throat;  after  0:17,  shivering,  0:43  to  1:20.  Wrapped; 
deep  respiration.  1:07.  Inhales  amyl  nitrite.  1:20  to  1:28.  Hot  water  pad  to  back;  deep 
respiration. 

The  possibility  that  trauma  to  the  tonsil  was  responsible  for  the  appearance  of  Micro- 
coccus eatarrhalis  after  this  experimenv  cannot  be  excluded. 


•Compare  the  effect   of  infecting  monkeys   with   B.   influenza;   (Elal:e  and   Cecil,    1920). 
fFor  Experiment  D,  see  p.  259. 
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Experiment  6. — Subject  A.  G.,  June  10,  1919,  11:30  a.m.  to  12:17  P.Jt.  Mucous  mem- 
brane thermopile  ou  right  tonsil.  Skin  thermopile  on  forehead.  Eespirations  16  per  minute. 
Mouth  open;  nostrils  plugged.  Room  temperature  16.9°-17.8''  C.  0:00  to  0:06..5.  Wrapped; 
normal  breathing.  0:06.5  to  0:18.5.  Wrapped;  deep  breathing.  0:18.5  to  0:32.  Un- 
wrapped; fan  ou  back;  deep  breathing;  after  0:23.5.  Shivering.  0:32  to  0:47.  Wrapped; 
deep  breathing;  contraction  of  pharyngeal  muscles. 

Experiment  10. — Subject  A.  G.,  June  13,  1919,  3  to  3:46  p.m.  Mucous  membrane  appli- 
cator on  posterior  wall  of  oropharynx.  Respirations  16  per  minute.  Mouth  open;  nostrils 
plugged.  Room  temperature  18.45-19.05°  C.  0:00  to  0:04.5.  Wrapped;  normal  breathing. 
0:04.5  to  0:15.  Wrapped;  deep  breathing.  0:15  to  0:26.  Unwrapped;  fan  on  back;  deep 
breathing;  coughed;  cleared  throat;  contraction  of  pharyngeal  muscles;  after  0:22,  shivers. 
0:26  to  0:46.  Wrapped;  deep  breathing;  coughed  and  cleared  thi-oat  several  times;  pharynx 
appeared  normal. 

Experiment  U. — Subject  A.  G.,  June  16,  1919,  10:30  to  11:30  a.m.  Mucous  membrane 
applicator  on  posterior  pharyngeal  wall.  Respirations  14  per  minute.  Mouth  open ;  nostrils 
plugged.  Room  temperature  18.90°-19.S0°  C.  0:00  to  0:04.5.  Wrapped;  normal  breathing; 
contractions  of  pharyngeal  muscles.  0:04.5  to  0:23.5.  Wrapped;  deep  breathing.  0:23.5  to 
0:32.  Unwrapped;  fan  on  back ;  deep  breathing.  0:32  to  1:00.  Wrapped;  deep  breathing; 
contractions  of  pharj'ngeal  muscles. 

Experiment  12.— Subject  A.G.,  June  IS,  1919,  10:20  to  11:12  a.m.  Mucous  membrane 
applicator  on  soft  palate,  middle  part.  Respirations  14  per  minute.  Mouth  open ;  nostrils 
plugged.  Room  temperature,  18.75°-19.55°  C.  0:00  to  0:05.5.  Wrapped:  normal  breathing. 
0:05.5  to  0:15.5.  Wrapped;  deep  breathing.  0:15.5  to  0:27.  Unwrapped;  fan  on  back; 
deep  breathing.     0:27  to  0:52.     Wrapped;   deep  breathing. 

In  subject  S.  B.  G.  there  were  present  in  the  tliroat  Streptococcus  viridans, 
Pneumococcus  Type  IV,  and  Staphylococcus  albus.  Cultures  were  made  daily 
from  June  4  to  19 ;  he  was  the  subject  of  an  experiment  on  June  6,  9,  14,  and  17. 
There  was  practically  no  change  in  the  bacterial  flora  of  this  subject  through- 
out the  entire  period  studied.  Neither  did  subjective  or  objective  signs  of  sore 
throat  or  cold  develop.  Frequently  the  cultures  from  the  pharynx  were  almost 
sterile,  there  being  from  three  to  ten  colonies  over  the  entire  jilate. 

DISCUSSION   OF    BACTERIOLOGIC    RESULTS 

Streptococcus  viridans  was  found  in  all  four  of  the  individuals  studied, 
Bacillus  influenzas  in  two,  pneumococcus  in  two,  and  jMicrococeus  catarrhalis  in 
one  subject. 

In  subject  S.  M.  the  increased  number  of  Streptococcus  hemolyticus  was 
definitely  synchronous  with  the  presence  of  a  sore  throat.  There  appears  to 
have  been  a  correlation  between  the  high  Micrococcus  catarrhalis  counts  and 
the  presence  of  sore  throats  in  Subject  A.  G.  The  pure  culture  of  Bacillus  in- 
fluenzas in  the  pharynx  of  Subject  W.  G.  E.  was  not  coincident  with  sore  throat, 
but  with  malaise,  slight  chilliness,  and  headache. 

These  results  in  no  sense  prove,  however,  that  the  sore  throats  were  caused 
by  the  increased  number  of  bacteria  cultured  from  the  mucous  membranes,  or 
that  the  apparent  increase  of  microorganisms  was  caused  by  the  ischemia  of  the 
mucous  membranes  incident  upon  chilling  of  the  body  surface.  The  method  is 
subject  to  so  many  sources  of  error,  and  the  amount  of  data  thus  far  obtained 
is  so  small,  that  we  do  not  feel  justified  in  drawing  any  conclusions.  To  attri- 
bute the  apparent  proliferation  of  pathogenic  microorganisms  to  the  effect  of 
chilling  would  seem  to  be  in  harmony  with  the  great  wealth  of  clinical  and 
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common  observation  which  points  to  excessive  chilling,  undei-  proper  circum- 
stances, as  an  efficient  excitant  of  infection  of  the  mucous  membranes  by  their 
indigenous  pathogenic  bacteria.  Although  it  is  possible  that  the  apparent 
proliferation  was  due  to  the  local  ischemia  incident  upon  chilling,  the  inaccuracy 
of  the  bacteriologic  method  and  the  iusuffi^cieut  data  make  it  impossible  to  assume 
that  this  is  so.  The  effect  of  traiima  by  the  thermopiles,  the  possibility  of  tran- 
sient changes  in  the  flora  of  the  mucous  membranes  caused  by  swallowing,  gag- 
ging, or  other  mu.scular  activity  in  the  pharynx  pressing  a  plug  of  bacteria  from 
the  tonsillar  crypts,  the  fact  that  the  .subject's  mouth  was  held  open  throughout 
the  experiments,  with  the  accom2:)anying  accumulation  of  mucus  on  the  mem- 
branes, the  errors  necessarily  introduced  in  each  stage  of  making  the  cultures, 
and  the  inaccuracy  of  any  method  depending  upon  swab  cultures,  all  tend  to 
confuse  the  results.  "We  present  the  data  given  above  as  a  contribution  to  the 
etiology  of  upper  respiratory  infectious,  and  not  with  the  idea  that  the  study 
is  in  any  sense  complete  in  itself. 


LABORATORY  METHODS 


REPORT  ON  FIVE  THOUSAND  BLOODS  TYPED  USING  MOSS'S 
GROUPING^i= 


By  William  L.  Culpepper,  B.Sc,  Dr.P.H.,  M.D.,  and  Marjorie  Ablesox, 
Detroit,  Mich. 


THERE  is  at  present  one  of  two  methods  usually  employed  in  typing  blood, 
namely,  that  of  testing  the  recipient 's  blood  against  the  donor 's  directly  and 
the  grouping  method.  The  second  method  mentioned  was  the  one  used  in  this 
series  of  five  thousand  tests.  Until  1901  when  a  blood  transfusion  was  carried 
out  there  were  no  blood  tests  made  of  donor  or  recipient  for  hemolysis  or  ag- 
glutination. A  number  of  eases  of  transfusion  with  disastrous  reactions  were 
reported.    This  was  responsible  for  so  few  transfusions  prior  to  that  date. 

Landsteiner  (Ueber  Agglutinationsercheinungen  Normalen  Menschliehen 
Blutes,  in  Wiener  Klinische  Wochenschrift,  1910,  xiv,  1132)  classified  all  human 
sera  into  three  groups  claiming  that  all  human  sei'um  when  typed  would  fall 
into  one  of  these  groups.  He  designated  his  groups  as  follows:  Groups  A,  B, 
andC. 

Group  A 
Group  A  Serum  agglutiuates  Corpuscles  of  Group  B. 
Group  A  Corpuscles  agglutinated  by  Serum  of  Groups  B>  aud  C. 

Group  B 
Group  B  Scrum  agglutinates  Corpuscles  of  Grouj)  A. 
Group  B  Corpuscles  agglutinated  by  Serum  of  Groujis  A  and  C. 

Group  C 
Group  C  Serum  agglutiuates  Corpuscles  of  Groups  A  aud  B. 
Group  C  Corpuscles  not  agglutinated  by  Serum  of  Groups  A  aud  B. 

This  grouping  was  accepted  by  the  profession  until  1910  when  jMoss  began 
his  investigation.  In  1907,  Jan  Jansky  (in  the  review  of  a  paper  entitled 
"Haematologisehe  Studieu  bei  psycliotikem,"  Klincky  Sbornik.  No.  2,  1907,  in 
Jahresbericlit  filr  Neurologic  and  Psychiatric)  classified  liuman  sera  into  four 
groups.  In  1910,  W.  L.  Moss  (JoJms  Hopkins  Hospital  Bulletin,  1910,  xxi,  63) 
pointed  out  the  fallacy  in  Landsteiner 's  grouping,  which  can  be  seen  if  com- 
pared with  Jansky's  or  Moss's  and  he  (Moss)  reclassified  them  making  four 
groups.    Moss's  grouping  is  as  follows: 

Group  1 
Group  I   Sera   ag},'lul  iiiatc   lui  curiPiiscles. 
Group   I   Corjmsclcs  agghitinatcd  by  sera  of  Groups  II,   III  and   IV. 
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Gkoup  II 
Group  11  Sera  agglutinate  corpuscles  of  Groups  I  and  III. 
Group  II  Corpuscles  agglutinated  by  Sera  of  Groups  III  and  IV. 

Group  III 
Group  III  Sera  agglutinate  corpuscles  of  Groups  I  and  II. 
Group  III  Corpuscles  agglutinated  by  Sera  of  Groups  II  and  IV. 

Group  IV 
Group  IV  Sera  agglutinate  corpuscles  of  Groups  I,  II,  and  III. 
Group  IV  Corpuscles  agglutinated  liy  no  serum. 

The  only  dififerenee  between  Jausky's  and  Moss's  grouping,  is  Jansky's 
Group  I  corresponds  to  Moss's  Group  IV  and  vice  versa.  This  grouping  is  being 
followed  at  the  present  time  and  forms  the  basis  of  this  report 

As  will  be  noted,  Group  I  contains  no  isoagglutinius  or  isohemolysins. 
Group  II  contains  one  agglutinin  designated  "A."  Group  III  contains  one  agglu- 
tinin designated  "B."    Group  IV  contains  two  agglutinins  "A"  and  "B." 


Group  I 
; IC^  of  all  persons) 
(Ho  agglutinins.) 


Group  II 
(405&  of  all   persons 
(One  agglutinin  "A") 


Group  III 
{T/o  of  all   persona) 
(One   agglutinin  "B" ) 


(43^6  of  all  persons) 
(Both   agglutinins) 
"A"  and  "3" 


Moss's  investigations  based  on  1600  tests  showed  that  10  per  cent  of  all 
pei-sons  belong  to  Group  I,  40  per  cent  to  Group  II,  7  per  cent  to  Group  III  and 
43  per  cent  to  Group  IV. 

Our  investigations,  based  on  5,000  tests  are  recorded  in  this  prelimmary 
report.  The  ultimate  plan  being  to  type  10,000  or  more  sera.  We  obtained 
somewhat  different  results  when  compared  to  Moss's  investigations.  The  sera 
used  were  from  adults  of  all  ages,  from  all  classes  of  society,  white  and  negro 
races.  Of  the  5,000  examined,  256,  or  5.18  per  cent  were  found  to  belong  to 
Type  I ;  1805,  or  35.06  per  cent,  to  Type  II,  714,  or  14.28  per  cent,  to  Tyipe  III ; 
and  2,225,  or  44.48  per  cent,  to  type  IV. 

The  technic  of  the  test  is  as  follows :  Two  drops  of  blood  containing  known 
Type  II  corpuscles  were  suspended  in  1  c.c.  of  a  1.5  per  cent  sohition  sodium 
citrate  in  0.9  per  cent  sodium  chloride.  A  like  suspension  of  Type  III  corpuscles 
was  also  made.  A  clean  sterile  glass  slide  was  marked  with  the  name  or  number 
of  the  serum  to  be  typed.  With  a  small  sterile  pipette  two  drops  of  unknown 
serum  to  be  tested  were  placed  on  the  .slide,  one  on  the  left  and  one  on  the  right. 
With  another  sterile  pipette,  one  drop  of  the  suspension  of  Group  II  corpuscles 
was  mixed  with  the  serum  on  the  left.     With  another  sterile  pipette  one  drop  of 
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Ifoss's  Table 
First  1,600  tested  =  10%  Group  I,  40%  Group  11,  7%  Group  III,  43%  Group  TV 

Our  Table 

First      1000  tested  =  5.2%   Group  I,  36.0%,   Group  II,  11.7%   Group  III,  47.1%   Group  IV 

Second  1000  tested  =  5.0%  Group  I,  36.3%  Group  II,  13.5%  Group  III,  45.2%  Group  IV 

Third     1000  tested  =  4.7%  Group  I,  35.2%  Group  II,  15.6%  Group  III,  44.5%,  Group  IV 

Fourth  1000  tested  =  5.5%  Group  I.  36.5%   Group  II,  15.0%  Group  III,  43.0%   Group  IV 

Fifth      1000  tested  =  5.5%  Group  I,  36.3%  Group  II,  15.6%  Group  III,  42.6%  Group  IV 


Total      5000  25.9%  180.3%  71.4%  222.4% 

5  /  25.9%  Group  I,  180.3%  Group  II,  71.47c  Group  III,  222.4%  Group  IV 
Average  per  1000  5.18%  36.06%  14.28%  44.48% 

the  Group  III  suspension  was  mixed  with  the  serum  on  the  right,  every  pre- 
caution being  taken  to  avoid  mixing  corpuscles  of  Group  II  with  Group  III. 
Observations  were  taken  eveiy  3  minutes  for  one-lialf  liour  until  reaction  was 
complete.     Reactions  were  interpreted  as  follows : 

1.  If  no  agglutination  takes  place  within  30  minutes  the  serum  belongs  to 
Group  I,  since  Group  I  serum  agglutinates  the  corpuscles  of  no  other  group. 
Members  of  this  group  are  called  "universal  recipients,"  as  they  may  receive 
blood  transfusions  from  their  own  group  or  any  other  group.  They  may  be 
donors  for  members  of  their  own  group  only. 

2.  If  the  coi'puscles  of  Group  III  are  agglutinated  and  the  corpuscles  of 
Group  II  remain  unchanged,  the  serum  belongs  to  Group  II  because  Group  II 
serum  agglutinates  the  corpuscles  of  Groups  I  and  III  but  not  the  corpuscles 
of  its  own  group  or  those  of  Group  IV.  Members  of  this  group  may  receive 
blood  transfusions  from  their  own  group  or  from  Group  IV.  Tliey  may  be 
donors  for  their  own  group  or  Group  I. 

3.  If  the  coi-puscles  of  Group  II  are  agglutinated  and  the  corpuscles  of 
Group  III  remain  unchanged  the  serum  belongs  to  Group  III  because  Group  III 
serum  agglutinates  the  corpuscles  of  Groups  I  and  II  but  not  those  of  its  own 
group  or  of  Group  IV.  Members  of  this  group  may  receive  blood  transfusions 
from  their  own  group  or  from  Group  IV.  The>'  may  be  used  as  donors  for 
their  own  group  or  to  Group  I. 

4.  If  the  corpuscles  of  Group  IT  and  Gi'oup  III  botli  show  agglutination, 
tlie  serum  belongs  to  Group  IV  because  (Jroup  IV  serum  agglutinates  the  cor- 
puscles of  all  other  groups.  Members  of  this  group  may  receive  blood  trans- 
fusions only  from  members  of  their  own  groups.  They  may  be  used  as  donors 
for  Groups  I,  II,  III  and  IV  and  are  termed  "universal  donors." 

Agglutination  and  hemolysis  may  be  observed  at  any  time  from  60  seconds 
up  to  30  minutes  or  until  the  serum  evaporates.  Hemolysis  does  not  occur  witli- 
out  agglutination,  but  agglutination  may  occur  without  hemolysis.  "Where  ag- 
glutination only  takes  place,  the  corpuscles  impart  a  finely  granular  appearance 
to  the  field.  This  may  usually  l)e  seen  macroscopically,  but  can  be  more  readily 
determined  in  doubtful  cases  with  the  aid  of  a  microscope.  Where  hemolysis  and 
agglutination  both  occur  the  cells  arc  gatliered  into  red  clumps  or  ropes  clearly 
discerned  macroscopically.     It  is  possible  to  determine  the  group  to  which  an 
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individual  belongs  after  the  slide  has  dried.  Therefore,  the  slide  may  be  filed 
away  as  a  permanent  record  if  so  desired. 

The  possibilities  that  all  groups  may  contain  both  agglutinins  A  and  B,  but 
in  varying  amounts  or  .strengths,  was  suggested  by  the  following  observation: 
A  serum  giving  a  marked  reaction  for  a  specific  group  may  show  a  faint  incli- 
nation to  react  to  the  corpuscles  of  another  groiip,  varying  from  a  barely  per- 
ceptible to  a  marked  reaction.  Example — a  known  suspension  of  cells  of  a 
Group  II  plus  the  unknown  serum  gives  a  marked  agglutination.  A  kno\\Ti 
suspension  of  cells  of  a  Group  III  plus  unknown  serum  gives  a  faintly  percep- 
tible agglutination.  A  known  suspension  of  cells  of  a  Group  II  plus  tlie  second 
unknown  serum  gives  a  marked  agglutination.  A  known  suspension  of  cells  of 
a  Group  III  plus  the  second  unknown  serum  give  a  moderate  agglutination.  A 
known  suspension  of  cells  of  a  Group  II  plus  the  third  unknown  serum  gives  a 
marked  reaction.  A  known  suspension  of  cells  of  Group  III  plus  the  third  un- 
known serum  gives  a  strong  agglutination.  The  same  suspension  of  corpuscles 
were  used  in  this  specific  observation  throughout,  it  lieing  considered  the  con- 
stant factor. 

Second  phase  of  this  observation:  fresh  sera  failing  to  give  a  positive  ag- 
glutination for  a  specific  group  of  corpuscles,  when  crossed  (diluted)  with  an 
equal  volume  of  another  unknown  serum  (so  far  as  we  w-ere  able  to  ascertain,  of 
the  same  group  by  previous  typing)  and  allowed  to  evaporate  at  35°  F.,  approxi- 
mately 1/10  its  original  volume,  gave  a  positive  reaction.  Example — two  sera, 
each  showing  a  positive  agglutination  for  Group  III  corpuscles  and  no  reaction 
with  Group  II  corpuscles,  maero.scopically,  were  combined  in  equal  volumes  and 
placed  in  the  ice  box  at  a  constant  temperature  of  3.5°  F.  for  two  days,  evapora- 
tion being  encouraged  by  removal  of  the  stopper  from  the  container.  The  com- 
bined sera  were  then  tested  at  the  expiration  of  48  hours  with  corpuscles  (ob- 
tained from  the  same  individuals  which  w^ere  used  in  the  first  test)  of  Groups 
II  and  III.  Both  groups  gave  a  positive  agglutination,  that  of  Group  III  being 
very  decided,  and  that  of  Group  II  not  so  strongly  marked  but  quite  unmis- 
takable. This  phase  would  introduce  so  many  possibilities,  namely,  biochemical 
changes  of  the  sera  or  cells,  or  both,  used,  that  it  may  be  valueless,  but  the 
writer  thought  it  well  to  mention  it.  On  the  other  hand,  it  may  explain  why 
there  is  occasionally  a  reaction,  moderate  or  severe,  when  transfusions  are  car- 
ried out,  by  the  .sodium  citrate  method,  althougli  the  donor  and  recipient  belong 
to  the  same  group. 

Third  phase  of  this  specific  observation:  A  Group  IV  serum  may  contain 
more  isoagglutinins  A  than  B  or  vice  versa.  Example — a  Group  IV  serum  was 
diluted  with  1.5  per  cent  sodium  citrate  in  0.9  per  cent  sodium  chloride.  Tests 
were  made  with  the  following  dilutions : 

One  part  serum  to  one  part  of  tlie  diluent. 
One  part  serum  to  three  parts  of  the  diluent. 
One  part  serum  to  seven  parts  of  the  diluent. 
One  part  serum  to  fifteen  parts  of  the  diluent. 
One  part  serum  to  thirty-one  parts  of  the  diluent. 
One  part  serum  to  si-xty-three  parts  of  the  diluent. 
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The  result  was : 

In  1:1  dilution  reaction  with  Group  II  corpuscles  +  +  +  +  ;  with  Group  III  corpuscles  ++. 

In  1:7  dilution  reaction  with  Group  II  corpuscles  +  +  +  ;  with  Group  III  corpuscles  +. 

In  1:15  dilution  reaction  with  Group  II  corpuscles  +  +  ;  with  Group  III  corpuscles  -. 

In  1:31  dilution  reaction  with  Group  II  corpuscles  +  (with  microscope)  with  Group  III 
corpuscles  -. 

In  1:63  dilution  reaction  with  Group  II  corpuscles  -+  (partial  with  microscope)  with 
Group  III  corpuscles  -. 

This  phase  of  the  iuTCstigation  was  repeated  several  other  times  with  other  sera  of 
Group  IV  and  each  time  the  results  checked,  that  is,  the  reaction  never  disappeared  from 
both  when  using  the  same  dUution. 

Fourth  phase:  The  possibilities  are  that  Group  I  may  contain  isoagglutinins  A,  B  or 
both,  but  in  such  minute  amounts  that  the  reaction,  if  there  is  one  it  is  not  appreciable. 

Group  IV  Serum 


SEKUM 

DILUENT 

PROPORTION 

used  corpuscles 

REACTION 

USED    CORP. 

REACTION 

USED 

OP    GROUP 

OP    GROUP 

1  part 

1 

part 

1:1 

II 

Strong 

III 

Strong 

1      " 

3 

parts 

1:3 

II 

Complete 

III 

Complete 

1       " 

7 

" 

1:7 

II 

Weak 

III 

Partial 

1      " 

15 

" 

1:15 

II 

Negative 

III 

Weak 

1       '  ' 

31 

" 

1:31 

II 

Negative 

III 

Very  faint 

1      " 

64 

" 

1:64 

II 

Negative 

III 

Negative 

1       " 

1 

part 

1:1 

II 

Strong 

III 

Strong 

1       " 

3 

parts 

1:3 

II 

Strong 

III 

Strong 

1       '  ' 

7 

" 

1:7 

TI 

Weak 

III 

Weak 

1      " 

15 

" 

1:15 

II 

Negative 

III 

Partial 

1       " 

31 

" 

1:31 

II 

Negative 

III 

Negative 

Serum  IV  Used  in  First  and  Secon 

D  Group  op 

Tests 

SERUM 

DILUENT 

PROPORTION 

USED    CORPUSCLES 

REACTION 

USED    CORP. 

reaction 

USED 

OP    GROUP 

OP    GROUP 

1  part 

1 

part 

1:1 

++++++ 

III 

++++++ 

1     ' ' 

a 

parts 

1:3 

+  +  +  +  + 

in 

+  +  +  +  + 

1     " 

7 

' ' 

1:7 

+  +  +  + 

III 

+ 

1     " 

15 

" 

1:15 

+  +  + 

III 

_ 

1     " 

31 

" 

1  :31 

+  + 

III 

_ 

1    " 

63 

" 

1:63 

+ 

III 

- 

1    " 

127  " 

1:127 

- 

III 

- 

Serum  III  Used  in  Second  and  Third  Group  op 

Tests 

SERUM 

DILUENT 

PROPORTION 

USED    CORPUSCLES 

REACTION 

USED    CORP. 

REACTION 

USED 

OF    GROUP 

OP    GROUP 

1  part 

2  parts 

1:2 

++++++ 

- 

_ 

1      ' ' 

0 

1:5 

++++++ 

- 

- 

1     ' ' 

11 

1:11 

+  +  +  +  + 

_ 

_ 

1     ' ' 

23 

1:23 

+  +  +  + 

_ 

_ 

1     " 

47 

1:47 

+  +  + 

_ 

_ 

1     " 

95 

1:95 

+  + 

_ 

_ 

1     " 

143 

1:143 

+ 

_ 

_ 

1      " 

179 

1:179 

- 

- 

- 

The  limitations  of  dilution  of  the  five  thousand  sera  was  fairl.y  constant  at 
a  1:150.  Above  this  dilution  we  failed  to  get  a  reaction.  Tlie  series  were  not 
diluted  higher  than  a  1 :9  for  grouping  the  unknown. 
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Thermal  reaetious: 
First  Group  of  tests. 

Group  IV  serum  (undiluted  and  containing  no  preservative)  tested  with 
corpuscles  of  Groups  II  and  III,  respectively. 

At  23°  C,  reaction  strong  in  both  Groups  II  and  III  corpuscles. 

At  60°  C,  reaction  strong  in  botli  Groujjs  II  and  III  corpuscles  and  much  more  rapid. 

At  65°  C,  reaction  strong  in  both  Groujjs  II  and  III  corpuscles. 

At  71°  C,  serum  coagulated  making  test  impiossible. 

Second  Group  tests;  scrum  undiluted  and  containing  no  preservative. 

At  22°  C,  reaction  strong  in  both  Groups  II  and  III  corpuscles. 
At  60°  C,  reaction  strong  in  both  Groups  II  and  III  corpuscles. 
At  65°  C,  reaction  strong  in  both  Groups  II  and  III  corpuscles. 
At  67°  C,  reaction  ■neak  and  less  raj)id. 

At  70°  C,  reaction  weak  in  both  Groups  II  and  III  corpuscles. 
At  72°  C,  Serum  coagulated. 

Third  group  of  tests,  Type  II  serum  diluted  1:1  and  containing  1:2.50 
purified  cresols. 

At  17°  C,  strong  reaction  in  Group  III  corpuscles. 

At  60°  C,  strong  reaction  in  Group  III  corpuscles  nnd  rapid. 

At  70°  C,  strong  reaction  in  Group  III. 

At  7.5°  C,  coagulates. 

Fourth  group  of  tests;  Type  II  serum  undiluted  and  containing  no  pre- 
servative. 

At  22°  C,  strong  reaction  in  Group  III  corpuscles. 
At  60°  C,  strong  reaction  in  Group  III  coriniscles. 
At  71°  C,  coagulation  beginning. 
At  72°  C,  coagulation  complete. 

Fifth  group  of  tests;  Group  IV  serum  undiluted  and  not  preserved. 

At  2°  C,  reaction  strong  in  both  Groups  II  and  III  but  not  so  rapid  as  at  room  tem- 
perature. 

At  0°  C,  reaction  strong  in  both  Groups  II  and  III  but  not  so  rapid  as  at  room  tem- 
perature. 

The  serum  was  then  frozen  hard,  thawed  and  tested.  Reaction  was  strong  and  not 
appreciably  retarded. 

Influence  of  preservatives: 

A  1 :250  purified  cresol  was  used  on  some  Type  II  and  III  serum  early  in 
March,  1920,  and  these  sera  are  active  on  this  date.  They  were  kept  at  ordinary 
ice  box  temperature  during  this  time,  however.  We  are  now  conducting  some 
investigations  along  this  line  as  to  other  preservatives. 

Influence  of  syphilis  on  the  reaction : 

The  table  herewith  attached  represents  only  sixty-six  cases  giving  a  positive 
Wassermann  reaction. 

Apparently  blood  serum  that  exhibits  a  positive  Wassermann  reaction  does 
not  change  the  typing  reaction.    Moss  found  this  to  be  the  case  in  1907. 

In  typing  the  number  of  eases  reported  here,  we  selected  oue  thousand  sera 
which  had  been  typed  and  recorded,  then  we  allowed  them  to  be  exposed  to  the 
air,  which  resulted  in  bacterial  contamination.    They  were  then  typed  again  at 
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Reactions  with  Positive  Wassermann   Seka 
date  serum  reaction  group         degree  op  reaction 


7/29 

+  III   corpuscles 

and  -II  C. 

II 

+  III 

"     -11  C. 

II 

8/-1 

+  III 

"     +11  C. 

IV 

+  III 

"      +11  C. 

IV 

" 

-III 

"      -II  C. 

I 

" 

+  III 

"     +11  C. 

IV 

" 

+  III 

"     +11  C. 

IV 

" 

+  III 

"     -II  C. 

II 

S/5 

+  III 

"     -II  C. 

II 

' ' 

-III 

"     +11  C. 

III 

" 

+  III 

"     -II  C. 

II 

i( 

+  III 

"     +11  c. 

IV 

'< 

+  III 

"     -II  c. 

II 

(1 

+  III 

"     -II  c. 

II 

S/7 

+  III 

"     +  II  c. 

II 

+  III 

"     -II  c. 

IV 

8/10 

+  111 

"     +11  c. 

IV 

1' 

-III 

"     +11  c. 

III 

" 

+  III         " 

"      +11  0. 

IV 

" 

-III 

"     -II  c. 

I 

" 

+  III 

"     -II  c. 

II 

" 

+  III 

"     +11  c. 

IV 

8/11 

-III 

"     +11  c. 

III 

" 

+  III 

"      +11  0. 

IV 
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II 

<< 

-  HI 

"     +11  c. 

III 
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IV 
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rv 

" 

+  III 

"      +11  0. 
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II 
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IV 
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IV 
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II 

ti 
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II 

i< 
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II 

<i 

+  III 

"     +11  c. 

IV 

tt 

+  III 

"     -II  c. 

II 

<  1 

+  III 

"     -II  c. 

II 

>■ 

+  III 

"     +11  c. 

IV 

<i 

+  III 

"     +11  c. 

IV 

" 

+  III 

"     -II  c. 

II 

<i 

+  III 

"     -II  c. 

II 

" 

+  III 

"     -II  c. 

II 

' ' 

+  111 

"     +11  c. 

IV 

" 

+  III 

"      +11  0. 

IV 

" 

-III 

"     +11  c. 

III 

" 

-III 

"     +11  c. 

II 

" 

+  III 

"     +11  c. 

IV 

" 

-III 

"     +11  c. 

III 

<< 
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"     +11  c. 

IV 

" 
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"     -II  c. 

II 

•  ' 

-III 

"     +11  c. 

III 

'< 

-III 

"     +11  c. 

III 

" 

+  III 

"     -II  c. 

II 

' ' 

+  III 

"     +11  c. 

IV 

" 

-III         " 

"    +11  c. 

III 

" 

+  III 

"    +11  c. 

rv 

*  * 

+  III 

"    +11  c. 

IV 
Total  66 

BLOODS    TYPED    TSIXG    MOSS 's    GROUPING  '         283 

Total   Group         1=2  or     3.03% 

11  =  25  "    37.87% 

"        111  =  12  "    18.18% 

"  "         IV  =  27  "   40.90% 


Total  Groups         =66  99.98% 


the  end  of  six  days  and  we  found  that  they  gave  the  same  reaction  that  they 
exhibited  when  first  typed.  Neither  was  the  time  for  the  reaction  to  take  place 
altered. 

CONCLUSIONS 

1.  "Without  exception  the  entire  5000  sera  could  be  grouped  and  classified 
according  to  Moss. 

2.  Our  group  percentage  in  Group  I  was  4.9  per  cent  lower  than  Moss's; 
in  Group  II  it  was  4.1  per  cent  lower;  in  Group  III  it  was  7.2  per  cent  higher; 
and  in  Group  IV  it  was  1.5  per  cent  higher. 

3.  A  permanent  slide  record  may  be  kept  of  a  reaction  if  desired. 

4.  There  is  a  probability  that  types  may  overlap.  A  reaction  in  the  re- 
cipient of  blood  from  a  donor  of  the  same  type  may  be  explained  by  this  probably 
overlapping. 

5.  Hemolysis  is  not  specific  for  any  one  group. 

6.  A  1 :10  dilution  of  a  serum  is  very  convenient  to  work  with.  The  maxi- 
mum dilution  we  found  to  be  1:150.  The  suspension  of  1  drop  of  blood  to  1  c.c. 
of  the  citrate  salt  solutiou  is  most  convenient  to  work  with. 

7.  The  reaction  works  best  at  about  40°  C.  Heat  does  not  impair  the  reaction 
until  coagulation  takes  place  (at  about  71^0).  Cold  does  not  interfere  with  the 
reaction,  although  the  serum  may  have  been  frozen.  Bacterial  contamination  or 
purified  eresol  in  a  dilution  of  1 :2.50  does  not  vary  the  reaction.  Positive  Was- 
sermann  sera  do  not  influence  the  typing  reaction. 
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EDITORIALS 

Roentgen  Ray  Tlierapij  in  Hypejihyroidism 

NL\\rEROUS  recent  reports  of  heuefieial  effects  of  the  roeiitgen  ray  aud  ra- 
dium in  the  treatment  of  hyperthyroidism  give  evidence  of  the  apparently 
good  results  accomplished  by  the  method.  While  the  etiology  of  the  disease 
remains  uncertain,  all  treatment  must  perforce  be  empiric.  The  malady 
has  been  variously  ascribed  to,  (a)  psychic  influences,  such  as  fear,  shock, 
or  other  violent  emotion;  (b)  foci  of  infection,  such  as  tonsils,  adenoids,  etc.; 
(c)  hyperactivity  of  other  endocrine  glands.  Possibly  the  exciting  cause 
differs  in  different  instances,  but  the  predisposing  cause  is  presumably  very 
similar  in   all   eases. 

Under  medical  trratiiiciil  tlic  syiiiptoms  of  liy perl  liyniiilisni  may  lie  re- 
lieved, but  seldom  docs  llu'  disease  entirely  disa])iieai-  williiii  Hie  period  of 
observation.  Surgical  operation,  jireceded  and  followed  by  iirolmiged  medi- 
cal care,  usually  without  drug.s,  has  generally  been  the  method  of  elioiee. 
Jiuld  reiinrts  the  results  in  a  series  of  100  consecutive  operations  done  in  1914 
and  finds  that  66  per  cent  show  marked  improvement  and  5.5  per  cent  are 
sliiilitly  improved.  Eleven  of  the  Iflfl  patients  died  after  leaving  the  clinic. 
In  a  similar  series  studied  in  ^'M)'^  by  the  same  anllior.  only  44  per  cent  were 
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apparently  cured.  The  difference  in  the  two  percentages  is  ascribed  to  im- 
provements in  teehuic. 

The  first  tittempts  to  treat  thyrotoxicosis  by  the  roentgen  ray  were  made 
as  early  as  1905.  Little  has  been  done  however,  xmtil  during  the  last  five 
years.  Pf abler  and  Zuliek  believe  that  the  roentgen  ray  should  be  used  as 
a  preliminary  to  surgical  operation.  They  found  that  by  this  means  the  thy- 
mus was  wholly  or  partially  destroj-ed  and  risk  from  operation  was  re- 
duced. Kocher  had  found  the  thymus  enlarged  in  50  per  cent  of  his  opera- 
tive cases.  The  first  symptoms  of  improvement  under  roentgen  ray  treat- 
ment were  found  to  be  increase  in  weight  and  decrease  in  pulse  rate.  The 
enlargement  of  the  neck  and  the  exophthalmos  did  not  diminish  until  late 
and  in  many  cases  did  not  change. 

Means  and  Aub  conchrde  from  their  series  at  the  Massachusetts  General 
IIo.spital  that  as  a  rule  rest  in  bed  with  x-ray  treatment  should  first  be  fol- 
lowed and  continued  until  the  metabolism  reaches  a  level.  If  this  level  is 
not  within  20  per  cent  of  the  normal  it  is  proper  to  resort  to  surgery  unless 
there  is  a  counter  indication  such  as  a  rising  metabolism  in  spite  of  com- 
plete rest.  If  the  metabolism  rises  following  operation,  roentgen  therapy 
should  again  be  applied.  Treatment  should  not  he  measured  by  weeks,  but 
by  months  and  often  by  years. 

Hodges  believes  that  early  mild  or  questionably  toxic  goiters  should  receive 
roentgen  treatment ;  that  moderately  severe  cases  apparently  do  better  after 
surgery,  and  tliat  the  severe  cases  should  be  irradiated  preliminary  to  the 
operation.  AVhen  the  result,  following  operation,  is  incomplete  or  luisatis- 
factory,  the  roentgen  ray  will  frequently  clear  up  the  remaining  toxicosis. 

Holmes  and  ilerrill  feel  that  roentgen  ray  treatment  accompanied  by 
rest  should  be  tried  in  all  eases  and  should  be  continued  long  enough  to 
destroy  at  least  the  thymus  before  resorting  to  surgery.  They  emphasize, 
however,  the  importance  of  a  careful  diagnosis  as  to  the  type  of  goiter.  In 
simple  or  colloid  goiters  and  in  cystic  goiters  there  is  no  evidence  of  hyper- 
plasia of  the  gland  and  there  are  no  toxic  symptoms.  Radiation  would 
only  destroy  the  remaining  portion  of  the  normal  gland  and  would  hasten 
h.ypothyroidism. 

These  investigators  also  emphasize  the  imi:)ortance  of  continuing  treat- 
ment over  a  long  period.  In  their  series,  decided  improvement  was  usually 
seen  twelve  months  after  the  beginning  of  treatment.  Usually  at  the  end 
of  six  months  the  patients  had  sufficiently  recovered  to  resume  their  ordi- 
nary occupations,  and  after  one  year  there  was  a  considerable  diminution 
in  the  size  of  the  thyroid  gland.  The  results  did  not  appear  to  be  obtained 
as  rapidly  as  after  surgical  intervention,  but  relief  appears  to  liave  been 
more  permanent,  and  the  danger  in  the  treatment  is  decidedly  diminished. 

The  dangers  of  roentgen  ray  treatment  consist  in,  first,  the  possible  de- 
struction of  too  great  an  amount  of  thyroid  substance,  with  resulting  hypo- 
thyroidism; second,  the  possibility  of  telangiectasis  and  atrophy  in  the  re- 
gions treated.  This  is  particularly  to  be  avoided  in  young  women  in  whom 
the  resulting  di.sfigurement  gives  considerable  concern.  Third,  the  toxemia 
of  hyperthyroidism  may  be  increased  to   a   dangerous  degree   by  the  first 
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treatment.  This  may  ])o  o-uarded  against  by  starting  with  small  doses,  pre- 
ceded by  rest  in  lied  with  medical  treatment.  Fourth,  cases  which  have  had 
preliminary  surgical  treatment  and  are  then  treated  with  the  x-ray  are  par- 
ticularly liable  to  hypotliyroidism  and  require  carefully  controlled  treatment. 

Aiken  has  used  radium  in  the  treatment  of  toxic  goiter  and  claims 
equally  good  results  to  those  following  the  x-ray.  This  method  also  must 
be  reinforced  by  proper  medical  care.  It  is  important  that  the  radium  be 
.screened  so  as  to  prevent  the  action  of  the  short  but  powerful  beta  rays  and 
to   obtain  the   benefit   of  the   more   penetrating  gamma    rays. 

The  mode  of  action  of  the  rays  has  not  been  clearly  worked  out.  Waters 
in  experimenting  on  dogs  found  tliat  tlie  roentgen  ray  in  moderate  doses 
resulted  in  a  cloudy  swelling  of  the  thyroid  cells.  With  larger  doses  coagula- 
tion necrosis  was  produced.  It  is  possible  that  in  a  gland  sliowinj;-  hyper- 
plasia, these  results  are  even  more  marked.  Hodges  suggests  tliat  in  mild 
hyperthyroidism,  before  much  if  nuy.  hyperplasia  has  occurred,  an  induced 
cloud.y  swelling  may  be  all  that   is  necessary  for  successful   results. 

The  x-ray  or  radium  ray  will  destroy  the  thymus  gland  in  a  short  time. 
Hodges  reijorts  that  many  very  large  thymus  glands  under  his  observation 
were  so  reduced  within  six  weeks  time  that  no  shadow  or  widening  of  the 
mediastinum  could  be  shown  with  the  fluoroscope. 

The  method  of  application  according  to  Holmes  and  ^Merrill  should  ])e 
as  follows.  Treatment  should  be  api)lied  to  both  the  thymus  and  the  thyroid 
regions.  Fairly  hard  rays  should  be  used  and  treatment  should  not  l)e  re- 
peated until  after  a  lajise  of  three  weeks.  After  a  series  of  three  treatments 
there  should  be  an  interval  of  three  months,  then  a  second  series  of  three 
treatments  should  be  given.  If  the  symptoms  have  not  .sufficiently  disappeared 
at  the  end  of  this  period,  a  third  series  should  be  given  making  nine  treat- 
ments in  all.  The  patient  will  be  under  observation  fur  about  one  and  a 
half  years.     This  is  the  technic  in  general  use. 

Kingery  has  recently  made  a  preliminary  report  in  which  he  suggests 
another  method  of  therapy.  His  experience  appears  to  have  been  chiefly 
with  dermatologic  conditions  and  not  with  toxic  goiters,  but  the  principle 
involved  would  appear  to  be  similar  in  both  cases.  This  author  points  out 
that  in  the  older  method  of  roentgen  therapy  maximum  effects  were -grad- 
ually obtained  by  the  frequent  administration  of  small  doses  over  a  pro- 
longed period.  This  is  known  as  the  method  of  "fractional  dosage."  The 
method  of  "massive  doses"  involves  the  administration  of  a  maximum  dose 
at  one  time  followed  by  a  prolonged  interval  without  treatment.  In  either 
method  there  is  an  interval  in  which  the  tissue  effects  are  not  definitely 
known.  In  the  first  this  phase  precedes  the  stage  of  the  erythema  that  results 
from  cumulative  effect.  In  the  second  method  the  uncertain  period  follows 
the  original  maximum  effect. 

We  are  accustomed  to  consider  the  roentgen  ray  as  being  stimulative  in 
small  doses,  inhibitory  in  large  doses  and  destructive  in  very  large  doses.  King- 
ery points  out  that  in  the  period  of  low  or  partial  saturation,  preceding  or 
following  maximum  effect  (erythema  dose),  there  may  occur  a  not  inconsid- 
erable amount  of  stimulation.     This,  of  course,  is  not  to  be  desired.     He  be- 
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lieves  that  the  reaction  between  tissne  cells  and  the  radioactive  substance 
follows  a  law  similar  to  the  law  of  mass  action.  The  greater  the  concentra- 
tion of  the  biochemical  products  of  irradiation,  the  higher  the  velocity  of 
their  loss.  As  this  concentration  decreases,  the  velocity  of  loss  becomes  less 
in  direct  ratio.  At  such  a  time  as  this  concentration  is  decreased  by  one  half, 
the  velocity  of  loss  will  have  become  less  by  a  similar  amount,  and  so  on  until 
the  residual  effect  has  become  negligible.  This  rate  of  loss  theoretically 
■would  represent  a  logarithmic  curve. 

If  such  be  true,  Kingeiy  points  out  that  the  curve  of  residual  effect  in 
exposed  tissues  is  logarithmic.  The  greater  the  amount  of  rays  absorbed,  the 
higher  will  be  the  initial  velocity  of  loss. 

From  pa.st  experience  it  is  known  that  the  residual  effect  from  an  eryth- 
ema dose  has  become  negligible  around  the  fourteenth  day  after  treatment. 
With  this  as  a  basis  Kingery  constructs  a  logarithmic  curve  the  ordinates 
of  which  express  percentage  of  saturation  of  the  tissues  with  rays,  and  the 
abscissffi  the  days  elapsed  since  the  single  massive  radiation.  With  this  as 
a  basis  he  calculates  that  the  tissue  saturation  at  the  end  of  seven  days  is 
but  25  per  cent  while  at  the  end  of  three  and  one-half  days  it  is  fifty 
per  cent.  He  proposes  now  to  treat  at  the  end  of  three  and  a  half  days 
with  half  of  an  erythema  dose,  a  procedure  which  would  result  in  raising  the 
saturation  once  again  to  100  per  cent.  If  treatment  is  given  eveiy  three  and 
a  half  days  with  100  per  cent  saturation  the  first  time  and  50  per  cent  of  a 
full  dose  on  succeeding  periods,  the  saturation  of  the  tissues  will  at  no 
time  fall  below  50  per  cent.  In  this  way  he  hopes  to  eliminate  the  uncer- 
tain period  in  which  stimulation  effect  may  occur.  He  has  found  it  inad- 
visable up  to  the  present  to  decrease  intervals  to  less  than  half  a  week. 

It  is  difficult  to  weigh  the  relative  advantages  of  the  roentgen  ray  over 
other  methods,  in  the  treatment  of  toxic  goiter.  As  Holmes  and  Merrill  have 
pointed  out.  Hale  and  White  found  that  out  of  87  cases  treated  medically, 
Avith  only  supportive  therapy,  (il  ultimately  recovered,  21  were  decidedly  im- 
proved and  only  5  remained  unimproved.  Stanton  believes  that  exophthal- 
mic goiter  is  a  self-limiting  disease  and  that  60  to  70  per  cent  of  cases  result 
in  spontaneous  recovery  at  the  end  of  five  or  six  years.  These  figures  are 
very  similar  to  the  66  per  cent  reported  by  Judd  after  surgical  treatment. 

Hodges  found  that  in  his  series  50  per  cent  were  apparently  cured  and 
32  per  cent  greatly  benefited  by  x-ray  treatment. 

Holmes  and  Jlerrill  found  decided  improvement  in  most  of  their  cases 
within  12  months  after  treatment  was  begun.  They  recognized  that  the 
symptoms  had  often  been  present  for  a  considerable  time  and  that  possibly 
the  disea.se  had  nearly  run  its  course  before  treatment  was  begun.  Neverthe- 
less they  believe  that  the  evidence  is  sufficient  to  show  that  in  early  cases 
a  more  ready  response  to  treatment  and  more  satisfactory  results  are  ob- 
tained by  roentgen  ray  therapy. 

From  a  studj^  of  these  various  observations,  it  wovild  appear  that  the 
percentage  of  recovery  by  medical,  surgical  or  roentgen  ray  treatment,  in- 
dividually, is  about  the  same.  It  may  be  that  following  the  latter  methods 
recoverv  is  swifter.     In  many  cases  without  doubt  a  combination  of  all  three 
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methods  gives  the  best  results.  Treatment  is  most  successful  when  it  is  in- 
dividualized. Greater  refinements  in  the  technie  of  radiotherapy  and  new 
methods  such  as  tlie  application  of  Kingery's  method  to  treatment  of  the 
thyroid  gland  may  be  productive  of  more  satisfactory  results.  In  the  mean 
time  it  is  well  to  recall  that  our  present  methods  are  but  therapeutic  patch 
worlv  as  long  as  we  remain  ignorant  of  the  pathogenesis  of  the  disease. 

—TV.  T.  v. 


Late  Sequelae  of  Encephalitis  Lethargica 

AI/riKJUGII  "lethargic  encephalitis"  as  sucli  has  l)een  described  since 
191(j,  attention  has  been  devoted  to  it  particularly  during  and  since  the 
1918  influenza  epidemic.  Eecently  Durand  has  asserted  that  the  disease  is 
by  no  means  new,  that  epidemics  with  quite  similar  features  have  been  re- 
ported from  time  to  time  in  various  countries.  A  great  difficulty  in  its 
identification  .is  the  large  variety  of  clinical  symptoms  which  may  occur  in 
dit¥erent  cases.  Epidemiologic  considerations  aid  greatly  in  the  diagnosis. 
While  according  to  Netter,  lethargy  and  ocular  palsies  are  present  in  as  high 
as  75  per  cent  of  cases,  yet  there  are  many  in  Avliich  the  symptoms  are  com- 
plex and  simulate  other  diseases  of  the  central  nervous  system.  This  is  to 
be  expected  with  a  disease  which  is  apparently  infectious  and  Avhich  may 
localize  at  various  widely  separated  areas  in  the  brain  and  spinal  cord. 
Almost  any  combination  of  nervous  symptoms  may  occur.  Fever  is  usually 
present. 

Dunn  and  Ileaboy  have  recently  described  eight  clinical  groups.  It 
must  be  borne  in  mind  that  the  individual  members  of  these  various  classes 
all  differ  somcAvhat  from  one  another  and  that  the  classification  is  at  best 
artificial.  There  are  cases  simulating  paralysis  agitans  and  others  resembling 
the  condition  known  as  disseminated  sclerosis.  In  the  individual  case  the 
general  features  are  more  valuable  in  making  a  diagnosis  than  is  the  deter- 
mination of  the  portions  of  the  central  nervous  system  involved. 

Remond  and  Lannelongue  have  followed  for  a  period  of  ten  months, 
five  individuals  convalescent  from  an  attack  of  encephalitis  lethargica.  Four 
were  men  aiul  one  was  a  woman.  Some  of  these  had  presented  paralytic 
symptoms  while  others  showed  clonic  manifestations  with  a  remarkable  dim- 
inution of  psychic  aclivily  and  a  marked  tendency  to  somnolence.  Tavo 
reactions,  however,  were  common  to  all  cases,  first  a  dissociation  between 
the  pupillary  reaction  to  light  and  accommodation,  and  second  an  increase 
above  the  normal  of  sugar  in  the  cerebrospinal  fluid  (.65  to  .80  grams.")  The 
pupillary  read  ion  in  accommodation  Avas  found  to  be  definitely  sloAver  than 
that  to  light. 

These  authors  were  iiarticularly  iiilereslcd  in  the  extreme  tenacity  and 
the  variety  of  the  jiathologic  pheiimneiia,  and  the  fre(|uency  of  relapses. 
The  first  patient  still  c(iiii])laine(l  of  symptoms  tlii'ce  months  after  onset 
of  illness;  the  second,  seven  months;  the  third,  eight  months;  the  fourth 
nine  months.  The  lirth,  nine  months  after  (niset.  li;id  been  in  tlie  hospital  for 
his   illness,   four  times. 
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Amoug  these  five  individuals  the  symptoms  were  as  diverse  as  they  are 
during  the  primary  attack.  Perhaps  the  most  frequent  symptoms  in  the 
eases  were  a  persistence  of  the  tendency  to  somnolence  and  a  hyper-irritable 
condition  of  the  peripheral  nervous  system.  As  the  authors  .suggest,  the  dis- 
ease is  an  affection  of  the  nervous  system  which  develops  very  rapidly  and 
terminates  either  by  death  or  by  recovery,  but  which  in  certain  cases,  be- 
comes prolonged  into  a  chronic  affection  with  symptoms  essentially  of  pros- 
tration and  hyper-irritability.  This  irritability  sometimes  affects  the  periph- 
eral nerves,  sometimes  the  posterior  nerve  roots,  sometimes  apparentlj-  the 
muscles  themselves,  and  sometimes  the  special  senses.  Often  the  late  eases 
resemble  multiple  sclerosis. 

The  increase  of  sugar  in  the  cerebrospinal  fluid  may  last  as  long  as  seven 
months.  The  authors  believe  that  this  indicates  a  persistence  of  the  infec- 
tious agent. 

Weber  reports  the  case  of  a  young  man  who  fell  a  victim  to  an  ambulatory 
attack  of  "lethargic  encephalitis"  in  December,  1919.  He  was  sick  five 
months,  during  which  time  the  predominant  symptom  was  a  somnolent  con- 
dition. He  was  admitted  to  two  hospitals  subsequent  to  this,  the  second  ad- 
mission being  in  September,  1920.  In  this  case  the  symptom  complex  resem- 
bled paralysis  agitans.  Janet  has  also  reported  an  ambulatory  ease  in  a 
child  of  twelve  years  Avhich  was  followed  by  symptoms  resembling  paralysis 
agitans.  Similar  observations  have  been  made  by  Kinier  Wilson,  Economo 
and  b\-  Tretiakoff  and  Bremer. 

It  is  well  in  the  future  to  consider  "lethargic  encephalitis"  as  an  im- 
portant antecedent  in  the  diagnosis  of  certain  diseases  of  the  central  nervous 
system. 

— ir.  T.  r. 


Mexican  Smallpox 

IX  view  of  our  recent  editorial.  "Are  there  two  diseases  included  in  the 
present  diagnosis  of  Smallpox",  we  have  received  a  copy  of  a  most  valua- 
ble article  on  smallpox  written  by  Dr.  Frank  K.  Young  of  Geriug,  Nebraska. 
This  article  was  published  in  the  December  1914  number  of  the  Journal  of 
the  Arkansas  Medical  Society.  Dr.  Young  reports  in  this  article  a  highly 
fatal  epidemic  of  smallpox  which  was  imported  from  ilexico.  He  states: 
"Mr.  White  and  family  left  Tampico,  Old  Mexico,  on  December  30,  1913, 
landed  at  Port  Arthur  on  the  night  of  January  6,  and  reached  Bert  Carson's 
home  in  Elm  Springs  Township  on  January  8.  On  January  5,  a  boy,  two 
and  one-half  years  old,  became  sick,  but  his  disease  was  not  diagnosed  as 
smallpox  until  January  10,  before  which  time  a  number  of  people  had  been 
exposed  to  the  disease.  The  epidemic  spread,  finally  causing  the  sickness 
of  twenty-six  people.  Of  these  ten  died.  Of  those  that  died,  but  one  had 
been  vaccinated  and  he  had  been  vaccinated  in  1864.  Of  the  vaccinated 
people  who  were  in  almo.st  constant  contact  with  the  patients  were  Mr.  and 
Mrs.  White,  two  White  children  and  Mr.  and  Mrs.  Phillips.  Of  these,  Mr. 
.and  Mrs.   White   and   one   White   child    did   not    contract    the   disease.      One 
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"Wliite  eliild  had  the  disease  in  a  very  mild  form,  not  necessitating  goinij;  to 
bed.  Mr.  and  Mrs.  Phillips  each  had  the  disease  in  a  very  mild  form.  Mr. 
and  Mrs.  Phillips  were  vaccinated  in  1864,  and  no  attempt  to  revaceinate 
had  been  made  since  that  time  until  after  this  outbreak.  The  White  family 
were  vaccinated  in  1910.  A  number  of  other  persons,  who  liad  lieen  vacci- 
nated, came  in  contact  with  the  disease  l)efor('  its  nature  was  known,  and 
did  not  contract  it.  Alex  Downum,  who  had  a  severe  attack  of  smallpox  in 
the  year  1864,  at  the  age  of  two  years,  was  employed  as  a  nurse  in  the  Phil- 
lips home  and  contracted  the  disease  in  a  moderately  severe  form.  Other 
persons,  luimbering-  in  all  about  twenty,  who  had  had  the  disease  previously, 
were  employed  as  nurses  and  none  of  them  contracted  the  disease." 

This  is  a  very  interesting  report  and  we  are  under  obligations  to  Dr. 
Young-  for  calling  our  attention  to  it.  Smallpox  of  a  malignant  type  was 
introduced  into  Mexico  at  the  tiiiu'  of  the  t^onquest  by  Cortez  and  his  sol- 
diers. This  is  the  Asiatic  form  of  smallpox.  It  was  malignant  at  that  time 
and  has  remained  so  ever  since. 

—V.  C.  V. 


Fiftieth  Annual  Meeting  of  the  American  Public  Health  Association 

THE  fiftieth  annual  meeting  of  the  American  Public  Health  Association 
will  be  held  at  New  York  City  in  November,  1921.  The  date  which  is 
tentati^'ely  announced  is  November  14-18. 

It  is  interesting  to  note  that  Dr.  Stephen  Smith,  the  founder  and  first 
president  of  the  Association,  is  now  entering  his  99th  j-ear.  He  is  still  active 
and  vigorous  and  is  expected  to  celebrate  his  approaching  centennial  to- 
gether with  the  semi-centennial  of  the  Association. 

The  first  organization  meeting  of  the  Association  was  held  in  New  York 
("ity  on  April  18,  1872,  and  that  is  one  of  the  reasons  for  selecting  New  York 
City  for  the  celebration  of  the  semi-centennial.  Other  considerations  are 
the  convenience  to  foreign  representatives  and  to  Dr.  Smith,  who  lives  in 
New  York  City ;  and  especially  a  iilan  to  conduct  demonstrations  of  public 
health  administrative  methods  in  llic  laboratories,  executive  offices,  garbage 
disposal  plants,  and  similar  centers  of  public  health  interest,  in  which  New 
York  City  is  unsurpassed. 

It  is  expected  to  present  in  connection  witli  the  celebration  a  review  of 
the  progress  of  the  various  branches  of  pulilic  healili  williin  the  last  fifty 
years.  The  sectional  programs  will  include  Public  Health  Administration, 
Vital  Statistics,  Laboratory.  Food  and  Drugs,  Sociology,  Sanitary  Engineer- 
ing. Industrial  TTvgienc,  and  CIiil<l  Hygiene. 
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FACTORS  MODIFYING  THE  DURATION  OF  VENTRICULAR  SYSTOLE* 


By  Louis  N.  Katz,  A.B.,  (Candidate  M.D.)  Clk\-eland,  Ohio 
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I.      INTRODUCTION 

HE  maintenance  of  an  adequate  circulation  of  blood,  which  is  primarily  the 
function  of  the  heart,  is  accomplished  chiefly  by  the  rhj-thmic  activity  of  the 
ventricles.  Each  ventricle  operates  as  a  pump,  expelling-  blood  by  the  contraction 
of  its  muscles  during  the  phase  known  as  systole  and  refilling  its  chamber  from 
the  auricle  during  the  phase  known  as  diastole.  Although  emphasis  has  been  laid 
on  the  fact  that  the  circulating  minute  volume  and  the  systolic  and  diastolic  blood 
pressui-es  are  dependent  on  the  systolic  discharge  and  the  rate  of  the  heart,  it  has 
not  always  been  appreciated  that  these  must  also  be  considerably  affected  bj^  the 
duration  of  the  systolic  discharge  as  related  to  the  diastolic  time  allowed  for  re- 
filling. The  question  at  once  arises  as  to  how  much  the  duration  of  systole  can 
vary  and  what  factors  operate  to  cause  these  variations.  A  critical  consideration 
of  the  literature  and  the  results  of  this  investigation  are  presented  in  this  paper 
in  an  attempt  to  answer  this  question,  not  only  because  of  its  scientific  import 
but  also  for  the  practical  bearing  it  may  have  on  the  clinical  study  of  the  heart. 
The  heart  cycle  is  divided  into  systole,  or  that  period  during  which  the  ven- 
tricular muscle  is  either  mechanically  shortening  or  increasing  its  tension,  and 
diastole,  or  that  portion  of  the  cardiac  cycle  between  the  end  of  one  systole  and 
the  beginning  of  the  next.  Systole  can  be  further  subdivided  into  an  isometric 
and  an  ejection  period.-"  The  isometric  period,  which  begins  with  the  contraction 
of  the  ventricle,  is  so  termed  because  the  heart  contracts  without  any  change  in 
length.  During  this  period,  the  ventricle  is  entirely  shut  off  from  the  other  cham- 
bers except  for  a  brief  interval  at  the  onset.  No  blood  is  therfore  expelled  from 
it  until  the  semilunar  valves  open.    The  opening  of  these  valves  marks  the  begin- 

•This  thesis,  awarded  the  prize  offered  hy  the  Alpha  of  Ohio  chapter  of  the  Alpha  Omega  Alpha  for 
1920,  has  been  somewhat  condensed  fc  ■  oublication  and  only  the  more  necessary  illustrations  have  been 
retained.  A  detailed  report  of  that  part  of  the  work  concerning  the  selective  influence  of  the  accelerator 
nerves  has  already  been  published  in  association  with  Wiggers  in  the  American  Journal  of  Physiology, 
1920,  liii,  49. 

291 


292  THE    JOURNAL    OF   LABORATORY    AND    CLINICAL    MEDICINE 

ning  of  the  ejection  phase,  during  which  the  ventricle  contracts  touically 
and  ejects  the  blood  in  it  into  the  aorta  (or  pulmonary  conus)  with  which  it 
then  communicates. 

Diastole  cau  also  be  subdivided  into  a  period  of  rapid  diastole,  a  period  of 
diastasis  and  a  period  of  auricular  activity.  The  period  of  rapid  diastole  begins 
with  the  relaxation  of  the  ventricle  and  lasts  a  variable  time.  The  ventricle, 
during  the  early  part  of  this  phase,  except  for  an  extremely  short  interval  at  the 
onset,  is  a  closed  chamber  and  no  blood  enters.  Later,  however,  when  the  auric- 
ulo-veutricular  valves  open,  the  ventricle  fills  with  blood  from  the  auricle.  The 
filling  of  the  ventricle  continues  during  the  next  phase  also,  but  at  a  much  slower 
rate.  This  period  is  termed  the  period  of  diastasis  as  in  it  the  ventricular  muscle 
has  reached  a  stage  of  rest.  Toward  the  end  of  this  phase  another  impulse, 
arising  in  the  sinus  node,  sets  up  an  auricular  contraction,  fractionate  in  charac- 
ter,''" which  constitutes  the  period  of  auricular  activity.  There  is  still  some  dis- 
pute as  to  what  role  the  auricular  activity  plays  in  the  filling  of  the  ventri- 
cle.^- ^' "'  ^^'  ^®'  -"  The  time  relation  of  these  various  events  in  the  cardiac  cycle  is- 
well  illustrated  in  Fig.  25  of  Wiggers'  Monograph. =" 

II.    METHODS    OP    DETERMINING    THE   DURATION    OF   SYSTOLE 

The  value  of  the  conclusion  of  anj-  research  depends  as  much  on  the  effi- 
ciency of  the  method  employed  as  on  the  interpretation  of  the  observations.  For 
this  reason  a  brief  survey  of  the  methods  available  for  temporal  studies  of  the- 
cardiac  phases  is  presented. 

Any  of  the  changes  or  combinations  of  changes  that  accompany  the  heart 
cycle  may  be  utilized  to  determine  the  duration  of  systole.  These  changes  of 
the  heart  cycle  can  be  studied  in  (1)  the  myocardiograph,  (2)  the  volume  curve,. 
(3)  the  intraventricular,  intraauricidar  and  intraaortic  pressure  curves,  (4)  the 
apex  beat,  (5)  the  venous  pulse,  (6)  the  arterial  pulse,  both  central  and  periph- 
eral, (7)  the  electrocardiograph  and  (8)  the  heart  sounds. 

An  objection  raised  to  many  of  these  records  is  that  they  do  not  actually 
measure  the  entire  duration  of  systole.  Thus  the  myocardiograph,  the  volume 
curve  and  the  arterial  and  venous  pulse  curves  do  not  record  the  isometric 
period,  and  the  results  obtained  from  them  must  be  interpreted  as  referring  only 
to  the  ejection  period.  The  electrocardiographic  records  which  have  been  utilized 
2.'>,  30, 50, 53  iq  determine  the  duration  of  ventricular  activity  are  also  unreliable  for 
this  purpose.  The  significance  of  the  various  deflections  are  not  as  yet  settled  so- 
that  the  results  obtained  cannot  at  the  present  time  be  properly  interpreted  (see 
Hewlett,^  Macleod,'-  Wiggers.-")  Observations  which  are  obtained  from  graphi- 
cally recorded  curves  are  also  objected  to  for,  due  to  the  short  duration  of  systole, 
the  error  introduced  in  these  curves  by  the  recording  levers  through  friction, 
inertia  and  momentum  is  sufficient  to  lead  to  erroneous  results.  Similarly  results 
obtained  with  some  of  the  membrane  manometers,  such  as  Ihirlhle'"  and  Ilunt''- 
used,  are  also  inaccurate  and  unreliable  (Frank^*). 

For  one  or  other  of  the  above  reasons  most  of  the  methods  mentioned  are  un- 
suitable for  accurate  and  exacting  studies  of  the  duration  of  the  heart  phases. 
Those  which  do  not  require  the  opening  of  the  chest,  liowever,  cau  l)e  used  for  or- 
dinary clinical  purposes. 
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The  most  accurate  and  definite  estimation  of  systole  can  be  obtained  from 
a  simultaneous  tracing  of  the  optically  recorded  intraventricular  and  aortic 
pressure  curves,  measuring  from  the  beginning  of  the  rise  of  pressure  in  the  ven- 
tricular to  the  beginning  of  the  incisura  of  the  aortic  curve.  The  objection  to 
such  a  method  lies  in  the  necessity  of  opening  the  chest.  The  circulation  under 
these  circumstances  is  far  from  normal,  due  to  the  shock  of  the  operation  as  well 
as  the  bleeding  which  occurs  even  with  the  best  technic.''  The  necessity  of  deeper 
anesthesia,  the  replacement  of  the  negative  intrathoracic  by  atmospheric  pres- 
sure, the  cessation  of  natural  respiration  and  the  utilization  of  artificial  respira- 
tion, all  aid  in  making  the  circulation  abnormal. 

An  attempt  was  made  to  select  for  this  investigation  that  procedure  which 
permits  an  accurate  and  exact  estimate  of  the  duration  of  systole  and  diastole 
while  still  keeping  the  circulation  normal.  The  most  satisfactory  method  answer- 
ing these  prerequisites  is  obtained  by  recording  the  heart  sounds.  Wiggers  and 
Dean"^"  have  shown  that  the  main  vibrations  of  the  first  sound,  when  recorded 
directly  from  the  heart,  begin  with  the  rise  of  the  intraventricular  pressure  and 
that  the  beginning  of  the  second  sound  coincides  with  the  beginning  of  the  fall 
of  the  incisura.  These  records  therefore  compare  favorably  with  the  simul- 
taneous records  of  the  intraventricular  and  aortic  pressure  curves,  as  to  accui'acy 
and  definiteness,  and  have  the  added  advantage  of  not  necessitating  the  opening 
of  the  chest. 

Heart  sounds  have  been  variously  recorded.''  --•  ^^  At  the  present  time  there 
are  two  generally  accepted  procedures.  In  one  the  heart  sounds  are  registered 
electrically  by  means  of  a  microphone  connected  to  a  string  galvanometer,  as  is 
the  case  in  Einthoven's  phonocai'diograph,-^'  -°'  ''-•  *^  The  other  method  records 
the  heart  sounds  by  means  of  capsules  and  air  transmission.-"  This  method  has 
recently  been  perfected  by  "Wiggers  and  Dean'"'  and  has  been  successfully  used  to 
record  murmurs  and  the  intensity  of  the  sounds.^''  ^^  The  clear  cut  records 
obtained  by  this  last  method  were  used  in  this  researcli. 

III.     PROCEDURE  OF  IN\-ESTIGATION 

{a) Animals  and  Anestlicsia:  Dogs,  the  animals  used,  were  put  under  the 
influence  of  chloretone  and  morphine,  which  gives  a  lasting  anesthesia. 

(&)  Operative  Procedures:  In  addition  to  the  ordinary  procedures,  namely 
tracheotomy,  vagotomy,  the  insertion  of  cannulse  into  the  carotid  artery  and 
jugular  vein,  the  stellate  ganglion  was  exposed  without  resecting  any  ribs. 

The  operation  performed  is  very  similar  to  the  one  first  described  by 
Schmeideberg.*  The  animal,  during  the  operation,  was  kept  on  a  board  warmed 
by  electric  bulbs.  The  skin  incision,  used  for  the  traeheotom}'  was  prolonged 
to  tlie  sternum  and  then  carried  at  right  angles  to  the  end  of  the  shoulder  girdle. 
The  skin  was  next  reflected  so  as  to  expose  the  muscular  and  the  subclavian  tri- 
angles of  the  neck.  The  sternomastoid,  sternohyoid  and  sternothyroid  muscles 
were  divided  close  to  their  insertion  into  the  sternum,  pulled  back  and  the  ves- 
sels beneath  them  exposed.  The  pectorales  were  also  divided  for  half  an  inch 
near  their  sternal  end  so  as  to  expose  the  subclavian  vessels.  The  large  veins  at 
the  root  of  the  neck  on  one  side  were  dissected  out  and  a  ligature  tied  to  each  near 
its  entrance  into  the  mediastinum.    Another  ligature  was  placed  some  distance 
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up  and  the  branches  entering  between  them  tied  off.  The  vein  between  these  two 
ligatures  was  then  resected.  The  arteries  were  ligated  and  removed  in  a  sim- 
ilar manner.  In  tying  the  subclavian  artery  special  care  was  taken  not  to  injure 
the  ansa  subclaviae. 

After  the  vessels  were  tied  the  previously  exposed  vagus  was  dissected  free 
until  the  branches  going  to  the  inferior  cervical  ganglion  were  exposed  and  fol- 
lowed to  this  ganglion.  The  esophagus  and  trachea  were  then  drawn  toward  the 
opposite  side  and  by  following  the  branches  of  this  ganglion  that  proceed  pos- 
teriorly, medially,  and  caudad  the  stellate  ganglion,  which  lies  about  the  junc- 
tion of  the  first  rib  with  the  vertebral  column,  posterior  to  the  esophagus,  was. 
exijosed.-" 
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44  ammiui  lens 


MkRcuny  MMONeriH 


Schematic  DiQ^TfiTD  of/lpparatus. 


Fig.    1. -SclK-matic   diagram    .if   a|iliaiatus   usetl.      Descriiition    in   text. 

Some  difficulty  was  occasionally  experienced  in  the  last  part  of  the  operation- 
until  the  vertebral  vessels,  which  ordinarily  can  be  pushed  aside,  were  ligated 
and  removed.  In  working  at  the  root  of  the  neck  care  was  taken  not  to  injure 
the  pleura  or  the  nerves,  to  tie  the  ligatures  on  the  vessels  tightly  so  as  to  prevent 
hemorrhage  or  air  embolism,  and  to  reduce  shock  to  a  minimum.  In  this  way  an 
animal  with  a  practically  normal  circulation  was  available. 

(c)  Apparatus:  A  diagrammatic  representation  of  the  apparatus  is  given  in 
Fig.  1.  On  a  long  smoked  kymograph,  a  continuous  record  of  blood  pressure 
was  taken  by  means  of  a  mercury  manometer,  the  time  was  given  by  a  time-sig- 
nal recording  in  seconds.  An  electric  signal  was  connected  to  the  photokymo- 
graph  so  that  it  recorded  on  the  smoked  drum  when  and  how  much  of  the  optical 
tracing  was  taken.  In  addition  the  signal  also  served  as  a  base  line  for  the  blood' 
pressure.     The  apparatus  for  recording  the  heart  sounds  is  also  represented  in; 
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Fig.  1.  The  sounds  were  picked  up  from  the  desired  areas  by  means  of  a 
stethoscope  bell  which  was  strapped  with  an  elastic  belt  to  the  jDreviously  shaved 
chest.  The  sounds  were  transmitted  to  a  capsule  through  a  soft  rubber  tube, 
which  had  a  side  opening  to  eliminate  the  cruder  variations  of  pressure,  such 
as  the  apex  beat.  The  sounds  caused  the  rubber  film  stretched  over  the  capsule 
to  vibrate.  Extraneous  sounds  were  prevented  from  affecting  this  membrane 
by  enclosing  the  capsule  in  a  housing  with  a  window  to  permit  a  beam  of  light 
through  and  a  vent  to  equalize  the  pressures  on  both  sides  of  the  film.  A  beam  of 
light  from  an  arc  lamp  was  focused  on  the  mirror  supported  by  the  film,  so  that 
the  reflected  beam  passed  through  the  slot  of  a  photokymograph,^'  which  consists 
essentially  of  rollers  so  arranged  in  a  closed  box  that  the  bromide  paper,  rolled 
up  on  one  of  them,  moves  past  a  slot  and  is  rolled  up  on  another.  To  establish 
time  relations  the  shadow  of  a  tuning  fork  vibrating  fifty  times  per  second 
was  photographed  simultaneously  with  the  heart  sounds.  A  typical  record  thus 
obtained  is  shown  in  Fig.  2. 


ABC 

I  I 

ULMONARV  AHEA  '  '  ,  . 


Fig.    2. — Optical    records    of    heart    soiin.l    (in    dng)    obtained    bv    direct    method    (■_; 
under   normal    conditions  of   anesthesia;    P.,   during   stimnlation    of    right   stellate   ganglion;    C.    during   vagus 
stimulation.     Illustrating  the  relative  alteration.s  of  systole  and  diastole  during  the  action  of  the  two  nerves. 

{d)  Procedure:  The  .sounds  were  recorded  during  consecutive  beats  in  the 
following  experimental  conditions.    Vagi  intact : 

1.  During  normal  action  of  the  heart  under  anesthesia  (called  normal  stand- 
ard) ; 

2.  During  stimulation  of  the  stellate  ganglion ; 

3.  During  action  of  pituitary  extract  before,  during  and  after  stimulation 
of  the  accelerator  nerve ; 

4.  Following  section  of  both  vagi. 
After  section  of  the  vagi : 

5.  During  stimulation  of  the  peripheral  end  of  the  vagi; 

6.  During  stimulation  of  the  stellate  ganglion ; 

7.  During  action  of  epinephrin ; 

8.  During  the  injection  of  saline  intravenously ; 

9.  During  compression  of  ta:  abdominal  aorta. 

The  records  so  obtained  were  developed  and  the  systole  and  cycle  lengths 
measured.  The  error  introduced  in  measuring  the  records  is  about  0.002  seconds. 
In  all,  some  three  thousand  lieai't  cycles  were  measured  and  tabulated. 
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IV.      A   REVIEW   OF   THE   LITERATURE    CONCERNING    THE    INFLUENCES    MODIFYING 
THE   DURATION   OP   SY'STOLE    AND   DIASTOLE 

It  is  common  knowledge  that  the  duration  of  diastole  is  very  variable,  but  the 
fact  that  systole  varies  is  often  lost  sight  of.  The  duration  of  systole  may  be 
altered  when  the  duration  of  either  the  isometric  or  the  ejection  period  is 
changed.  This  may  conceivably  be  produced  by  (a)  mechanical  influences  modi- 
fying the  conditions  under  which  the  heart  pumps,  and  (&)  nerves,  chemicals, 
etc.,  presumably  altering  the  physiologic  properties  of  the  heart  muscle. 

(a)  Mechinical  Factors:  Theoretically  it  may  be  supposed  that  the  dura- 
tion of  the  isometric  period  of  systole  might  change  readily.  Thus  it  may  be 
argued  that  an  increase  in  initial  ventricular  pressure  or  a  decrease  in  aortic 
resistance  tends  to  shorten  the  isometric  period,  for  it  does  not  take  as  long  for 
the  ventricular  pressure  to  exceed  that  of  the  aorta.  There  is  no  experimental 
evidence,  however,  that  variations  of  the  isometric  period  do  play  a  great  part  in 
determining  the  duration  of  systole.  Thus,  Hurthle,'"'  de  Heer,^**  6arten=''  and 
Frank^^  found  this  period  fairly  constant  and  independent  of  heart  rate.  More 
recently- Wiggers  and  Clougli"^  found  that  the  isometric  period  in  man  varies 
from  0.04  to  0.06  seconds  independent  of  the  duration  of  the  heart  cycle  or  systole. 
The  duration  of  systole  must  therefore  be  largely  determined  in  a  mechanical  way 
by  influences  that  effect  the  duration  of  the  ejection  phase.  The  variations  of 
the  ejection  phase  may  be  accounted  for  a  priori  as  due  to  alterations  of  one  or 
more  of  three  variables:  (1)  the  volume  of  the  ventricle  at  the  beginning  of  the 
ejection;  (2)  the  volume  at  the  end  of  the  ejection;  (3)  the  rate  of  ejection. 

The  researches  of  Landois,  Bonders,  Volkmau,'and  later  Edgreu,-^  Chap- 
man,-* Porter,'^-  Thurston,"*  among  others,  have  led  to  the  commonly  accepted  con- 
clusion that  the  main  changes  with  heart  rate  occur  in  diastole.  That  systole  va- 
ries with  heart  rate  has  also  been  demonstrated  [see  Curtiss,-*  Foster,''  Hart," 
Landois  and  Sterling,*"  Rollet,''  Hill,*=  Tigerstedt*''  and  ■Wiggers,^''  (table,  p.  41)  ] . 
More  recently,  Wiggers  and  Clough"*  found  that,  in  man,  systole  varies  from  0.25 
to  0.30  seconds  for  heart  rates  of  66  to  100,  and  Lombard  and  Cope  (results  as 
yet  unpublished)  noted  a  variation  of  systole  fi'om  0.236  to  0.290  seconds  when 
the  heart  rate  varies  from  66  to  89. 

Several  attempts  have  been  made  to  correlate  the  systolic  duration  with  heart 
rate.  Thus,  to  establish  such  a  correlation  Garrod''^  has  presented  two  formulas 
which  he  calculated  from  the  cardiogram  and  radial  pulse.  For  the  former  he 
offered  the  formula  xy  =  20\/x;  for  the  latter  xy  =  47\yx.  In  both  x  is  the 
heart  rate  per  minute,  y  the  relation  of  systole  to  cycle  length.    Later  Lombard 

.and  Cope*"'  *''  presented  the  formula  S  =  ^fi^-r^^  to  determine  the  length  of  systole 

from  heart  rate,  S  being  the  duration  of  systole,  R  the  heart  rate  per  minute  and 
Iv  a  constant  varying  for  jiosition  of  body.  etc.  The.y  used  the  carotid  pulse  to 
obtain  their  data.  K,  Ihey  I'ouiid,  varied  as  the  patients  were  lying  down,  sitting 
lip  or  standing. 

Another  attempt  tn  eori'i'lah-  tlic  iliiratinn  of  systole  to  heart  rate  may  be 
based  on  Henderson's  volume  curves.  In  1906,  and  later  in  1909,  Henderson"'" 
promulgated  the  law  of  Uniformity  of  Behavior  of  the  heart.  This  law  maintains 
that  at  different  heart  rates  the  amplitude  but  not  the  contour  of  tlie  ventricular 
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volume  curve  is  modified.  Henderson  found  that  because  the  effective  venous 
pressure  is  normally  greater  than  the  critical,  the  volume  curves  of  the  ventricle 
are  superimposable  on  the  curve  of  a  vagus  beat  (Fig.  3).  He  further  main- 
tained that  in  accoi-dance  with  his  law,  the  separate  functions  of  the  heart,  which 
Engleman^^  claimed  can  change  independently,  vary  only  with  the  heart  rate. 
It  is  evident  from  his  curve  that  changes  in  duration  of  sj-stole  with  heart  rate 
occur  mainly  by  alteration  of  the  volume  of  the  ventricle  at  the  beginning  of  sys- 
tole (Fig.  3).  Using  his  published  curve  and  plotting  the  temporal  relations  of 
systole  to  c.ycle  (after  adding  0.05  seconds  for  the  isometric  period)  it  was  found 
that,  until  the  cycle  became  less  than  0.7  seconds,  sj^stole  was  practiealh-  constant. 
With  shortening  of  the  cycle  beyond  this,  however,  systole  shortened  jirogress- 
ively  (see  Fig.  5). 

The  heart  rate  is  not  the  only  influence  that  modifies  the  duration  of  systole. 
Other  mechanical  influences  have  been  found  to  do  this.  Thus,  Boweu^^'  in  1904 
found  that  systole  is  prolonged  in  man  at  the  beginning  of  exercise  before  the 


■ve  (from  Henderson).      CD' 
uration  of  diastole;  A'D',   etc 


md  BB',  etc.,  is  the  duration  of  the  heart  cycle 
is  the  duration   of  the  ejection  period. 


nerves  could  compeusate.  Patterson,  Piper  and  Starling'^  in  1914  found  that 
when  nerve  influences  are  removed  an  increase  in  arterial  resistance  or  in  venous 
return  increases  the  duration  of  the  entire  systole.  They  used  their  heart-lung 
preparations  to  obtain  these  results.  The  increase  of  the  diastolic  volume  of  the 
ventricle,  the.y  asserted,  is  the  cause  of  lengthening  of  systole.  Both  the  diastolic 
volume  and  the  volume  of  the  ventricle  at  the  end  of  systole  are  altered  by 
changes  in  arterial  resistance  or  venous  flow.  They  concluded,  that  in  a  heart 
removed  from  extrinsic  nervous  influences,  these  factors  could  alter  the  duration 
of  systole  independent  of  the  heart  rate. 

(&)  Influences  Other  ilian  Mechanical:  Chemicals,  as  for  instance  calcium, 
sodium  and  potassium  ions,  have  been  shown  to  modify  the  duration  of  systole.^"^ 
Temperature  likewise  modifies  the  duration  of  systole  as  Langendorf**  has  demon- 
strated. 

The  cardiac  nerves  have  been  thought  to  have  a  similar  effect.  A  detailed 
review  of  the  literature  concern'ng  the  effect  of  these  nerves  on  the  duration  of 
systole  and  diastole  is  given  in  a  recent  paper  with  Wiggers'^-  and  therefore  only 
a  brief  summary  is  presented  here.    The  fact  that  the  vagi  and  accelerator  nerves 
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modify  the  heart  rate  has  been  known  since  their  discovery  by  the  Weber  broth- 
ers, Cyon  brothers  and  V.  Bering."  At  the  present  time  it  is  almost  universally 
accepted  that  they  are  the  main  factors  involved.  It  has  also  been  accepted  that 
the  vagi  depress  all  of  the  heart's  functions  while  the  accelerators  stimulate  them^^ 
and  that  these  nerves  are  tonically  active/-  tlie  former  being  more  powerful  than 
the  latter. 

The  work  of  Baxt,"-  King,"  MacWilliam,"'  V.  Frey  and  Krehl,'-  Hurthle," 
Frank,^^  Hunt''-  and  Patterson,  Piper  and  Starling,"^  led  these  investigators  to 
the  conclusion  that  the  vagi  chiefly  affect  the  duration  of  diastole  while  the  accel- 
erators mainly  alter  the  duration  of  systole.  Henderson,^"  however,  maintained 
that  there  is  no  such  difference,  the  nerves  altering  the  heart  rate  primarily  and 
the  volume  curves  obtained  during  their  stimulation  being  superimposable.  The 
results  of  previous  workers  are  however  quite  explainable  by  Henderson's  uni- 
formity of  behavior  conception.  The  ratio  of  systolic  duration  to  cycle  length  cal- 
culated from  his  curve  (Fig.  3)  shows  that  in  the  shorter  cycles,  which  stimulation 
of  the  accelerators  would  give,  more  marked  changes  in  systole  occur  than  in  the 
longer  cycles  such  as  are  obtained  by  stimulation  of  the  vagus.  From  the  litera- 
ture, therefore,  it  is  difficult  to  be  sure  whether  the  nerves  act  only  by  altering  the 
heart  rate  and  that  the  other  changes  follow  Henderson's  law,  or  whether  they 
have  in  addition  a  direct  influence  on  the  inherent  irritability  and  contractility 
of  the  ventricular  muscle. 

v.    RESULTS THE  VARIATIONS   OP   THE   DURATION   OF    SYSTOLE   AND   DIASTOLE   UNDER 

DIFFERENT  CARDIOVASCULAR  CONDITIONS 

1.  Natural  Variations  of  Systole  and  Diastole  from  Beat  to  Beat. — It  has 
been  previously  recognized  that  in  man  systole  and  diastole  undergo  variations 
from  beat  to  beat.***  In  fact  Lombard  and  Cope  noted  that  rhythmic  alterations 
of  these  phases  occurred  synchronous  with  the  respiratory  and  vasomotor 
changes.  No  attempt  was  made  in  the  present  report  to  enter  into  the  detailed 
relation  of  the  heart's  phases  to  these  phenomena.  It  was  found,  however,  that 
in  anesthetized  dogs,  under  natural  conditions,  variations  occur  during  consecu- 
tive cycles.  The  greatest  and  smallest  values  in  10-15  such  cycles  were  tabulated 
in  a  few  experiments  (Table  I).  It  is  evident  from  this  table  that,  as  in  man, 
diastole  is  more  variable  than  systole.  Dogs  with  the  more  rapid  heart  rate 
(animals  1,  2,  3)  show  less  variation  in  the  duration  of  diastole  than  those  with 
longer  cycles  (animals  4,  5,  6)  although  systolic  variations  are  about  the  same  in 
both.  It  may  be  supposed  that  in  these  "short  cycle"  dogs  the  accelerator- vagus 
balance,  in  the  sense  of  Reid  Hunt,*-  is  thrown  over  to  the  accelerator  side  because 
of  a  diminished  vagus  tone. 

Table  I 
The  Variations  of  Systole  and  Diastole  from  Beat  to  Beat  Under  Standard  Conditions* 


ANIMAL 

SYSTOLE 

DIASTOLE 

variations  IN 

SYSTOLE 

variations  in  diastole 

1 

.13T-.145 

.175-.192 
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.017 

2 
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.177-.192 

.013 

.015 

3 
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.205-.217 

.010 

.012 

4 

.222-.227 

.325-. 350 

.005 

.025 

5 

.23.5-.250 

.335-.385 

.015 

.OGO 

6 

.257-.262 

.357-.410 

.005 

.053 
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After  section  of  the  vagi  some  variations  of  both  systole  and  diastole  still 
occur,  as  is  illustrated  in  Table  II,  showing  that  the  vagi  are  not  the  only  influ- 
ences rhythmically  afl'ecting-  the  phases  of  the  cardiac  cycle.  This  suggests  that 
normally,  in  addition  to  the  vagus  tone,  some  other  tonic  cardiac  influences,  such 
as  the  accelerator  nerves,  or  some  of  the  physical  conditions  associated  with  the 
contraction  of  the  heart,  are  aljle  to  control  the  temporal  variations  of  systole  and 
diastole. 

This  conclusion  is  further  indicated  on  studying  the  relation  of  systolic  to 
diastolic  variations.  Thus,  Lombard  and  Cope***  recently  found  that  in  man  the 
variations  of  these  phases,  as  they  measured  them,  were  neither  synchronous  nor 
of  like  degree. 


Table  II 
The  A^ariations  of  Ststole  and  Diastole  from  Beat  to  Beat  after  the  Vagi  Were  Cut. 

\ximal  systole  dl\stole       variations  in  sy'stole    variations  in  diastole 

.017 

.025 
.017 
.012 
.017 
.035 


1 
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.160-.177 

.018 

2 

.127-.137 

.142-.167 

.010 

3 

.180-.200 

.180-.197 

.020 

4 

.202-.215 

.285-.297 

.013 

5 

.215-.220 

.340-.357 

.005 

6 

.247-.257 
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.010 
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Fig.    4. — The    relation    of   systole    to    the    preceding    diastole    under    natural    conditions,    each    systole 
dot  vertically  below  its  preceding  diastole,     tjpper  plot  diastole,  lower  plot  systole.     A,  B,  C — ■ 


three  different  animals. 


In  studying  the  relation  of  these  two  phases,  it  was  found  more  advantageous 
in  this  investigation  to  compare  the  duration  of  systole  with  the  preceding  dias- 
tole rather  than  with  the  one  that  follows.  In  this  way  one  can  determine 
whether  systole  varies  independently  of  diastole  or  whether  it  follows  the 
changes  induced  in  the  phase  preceding  it.  No  constant  relation  was  found  on 
carrying  out  this  comparison  in  a  number  of  experiments  as  the  results  of  a  few 
experiments  illustrated  in  Fig.  4  show.  These  observations  demonstrate  that  the 
variations  of  systole  are  not  entirely  determined  by  variations  of  diastole  occa- 
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sioued  by  chauging  vagus  toue.  Although  the  variations  are  slight,  j-et  often  the 
alteration  in  systole  is  in  the  same  direction  as  that  of  the  following  rather  than 
the  preceding  diastole  being  in  the  opposite  direction  to  the  latter.  It  follows 
from  this  that  in  some  cases  at  least  the  influence  that  causes  the  variation  acts 
directly  on  systole  (Fig.  4). 

2.  Relation  of  the  Duration  of  Systole  to  Heart  Rate  uneler  Natural  Con- 
ditions.— A  number  of  attempts  have  been  made  to  show  that  a  definite,  or  at  any 
rate  an  average  systole,  normally  occurs  for  any  given  heart  rate.  Lombard  and 
Cope's  formula,  alluded  to  above,  is  an  attempt  to  effect  such  a  correlation  in 
man.     It  is  interesting  to  apply  this  formula  to  dogs  and  check  its  reliability. 

systole 

This  was  attempted  in  Fig.  5  where  the  actual ^ —     ratio    (the   ratio  of 

cycle 

systolic  duration  to  cycle  length)  of  the  various  animals  under  standard  condi- 
tions is  compared  with  the  ratio  calculated  from  Lombard  and  Cope's  formula. 
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Fig.  5. — The  relation  of  the  normal  systole-cycle  ratio  of  several  dogs,  as  compared  with  the  cin\ 
plotted  from  Lombard  and  Cope's  revised  formula.  (S  —  .31Vc)  and  with  the  curve  plotted  from  liende 
son's  published  curve    (adding  0.05   sec.  for  the  isometric  perioti). 


Inasmuch  as  such  a  plot  involves  the  use  of  cycle  length,  whereas  Lombard  and 
Cope  used  heart  rate,  their  formula  was  revised  here  by  substituting  C  (cycle 
length)  for  R.  It  is  obvious  that  the  heart  rate  is  the  reciprocal  of  the  cycle 
length.     This  may  be  expressed  bj^  the  equation  R  (heart  rate  per  minute)  = 

-7= —   for    R,    their    formula    S  = 


G  (cycle  length  in  seconds) 
60 


KVB 


is  changed  to  S  ■ 


On    substituti 
60 


KV60 
C 


To  simj^lify  this  both  sides  of  tlie  equation 


are  first  squared    g  ' 


=  60 


60  C 


resulting.     Extracting  the  square 
7.8  VC" 


root  of  this  last  equation  changes  it  to  S  =  — ^   or  approximately  S 

Since  K  for  the,  recumbent  position  is  25  the  equation  can  be  further  simplified 
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to  S  =  .31VC.  It  is  evident  from  the  plot  (Fig.  5)  that  Lombard  and  Cope's 
formula  holds  fairly  accurately  iu  dogs  whose  heart- rate  is  less  thau  150  per 
minute.  In  the  more  rajDid  rate.s,  however,  the  systole-cycle  ratio  actually 
found  falls  short  of  that  calculated  from  their  formula.  This  indicates  that 
although  such  formulce  may  be  very  valuable  iu  calculations  for  which  they  are 
intended,  yet  it  is  difficult  to  evolve  a  formula  that  will  take  cognizance  of  all 
eonditious  and  be  applicable  without  limit. 

Another  attempt  to  relate  sj'stole  and  cycle  length  may  be  founded  on  the 
standard  volume  curve  of  Heuderson  (Fig.  3).  This  was  attempted  as  illus- 
trated in  Fig.  5,  where  the  actual  systole-cycle  ratios  of  several  dogs  under  stand- 
ard conditions  were  compared  with  the  ratio  calculated  from  Henderson's  pub- 
lished curve.  The  plot  shows  that  the  actual  results  do  not  agree  with  the  ratio 
calculated  from  his  curve,  making  it  obvious  that  the  standard  volume  curve  of 
one  animal  is  not  applicable  to  another.  To  establish  a  theoretical  .systole-cycle 
ratio  with  which  to  compare  the  actual  results  it  is  therefore  necessary  to  con- 
struct a  standard  curve  for  each  animal.  A  detailed  and  illustrated  presenta- 
tion of  the  manner  of  constructing  such  a  curve  has  already  been  published  with 
Wiggers."-  A  brief  outline  of  the  method  may,  however,  be  presented  here. 
A  long  vagal  beat,  occurring  after  slowing  has  been  established  for  some  time,  is 
selected.  From  it  the  duration  of  its  ejection  period  is  determined  and  laid 
off  on  the  abscissa  of  a  large-sized  coordinate  paper.  An  arc,  similar  in  contour 
to  that  given  in  Henderson's  curve,  is  drawn  to  fill  in  this  time.  At  one  second 
intervals  on  the  abscissee,  segments  of  arcs  of  the  same  contour  and  parallel  to 
the  ejection  curves  are  erected.  The  duration  of  the  ejection  periods  at  different 
cycle  lengths  and  for  different  filling  curves  are  then  determined  and  from  these 
a  curve  of  systole-ej^cle  ratios  is  plotted  as  the  standard  for  comparisons  in  that 
animal. 

3.  Relation  of  Consecutive  Systolic  and  Diastolic  Durations  when  tlie  Car- 
diovascular Conditions  are  in  the  Process  of  Changing,  {a)  Relation  During 
Changing  Heart  Rate:  It  is  interesting  to  further  determine  how  the  duration 
of  systole  and  diastole  alter  with  changing  heart  rate.  The  experiments  per- 
formed iu  this  research  show  that  when  the  heart  rate  increases  from  a  slow 
to  a  more  natural  rhythm,  such  as  occurs  iu  the  recovery  from  vagus  stimulation, 
(Fig.  6),  the  period  of  diastole  shortens  below  normal  in  a  short  time.  Systole 
however  does  not  decrease  so  rapidly  and  reaches  normal  somewhat  later.  Again, 
when  the  heart  rate  changes  from  a  rapid  to  a  more  natural  rate,  such  as  occurs 
after  the  cessation  of  accelerator  stimulation  (Fig.  6)  diastole  immediately  in- 
creases above  the  normal  duration  while  systole  may  not  return  to  its  former 
duration  until  twenty -five  seconds  later.  These  observations  suggest  that  dur- 
ing the  alteration  of  heart  rate  the  duration  of  diastole  is  affected  first.  How- 
ever, when  the  accelerators  act  as  during  the  beginning  of  epiuephriu  action 
(Fig.  6)  and  during  the  early  part  of  electrical  stimulation  of  these  nerves, 
systole  is  occasionally,  but  not  always,  shortened  first. 

It  is  obvious  from  these  observations  that,  because  of  a  lack  of  a  constant  re- 
lation between  systole  and  diasiole,  the  systole-cycle  ratio  will  vary,  depending 
on  whether  cycles  are  taken  during  the  early  or  later  stages  of  a  change.     It  is 
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during  these  periods  of  cliangiug  heart  rate  that  cycles  which  deviate  noticeably 
from  Henderson's  law  of  Uniformity  of  Behavior  are  found. 

In  a  later  section  of  this  report  the  temporal  changes  i^rodueed  bv  stimula- 
tion of  the  vagi  and  accelerator  nerves  will  be  analj'zed.  There  are,  however, 
noticeable  differences  when  such  stimulation  ceases.  Thus,  after  the  vagus  has 
ceased  to  act,  the  heart  rate — which  is  inversely  proportional  to  cycle  length — 
quickens  for  a  time  beyond  normal,  as  pointed  out  above.  This  is  explainable 
either  on  Gaskell's  hypothesis^"  that  the  vagi  are  anabolic  and  have  caused  an 
excess  of  energy  to  be  stored  up  or  that  their  normal  tone  is  lost,  due  to  the 
exhaustion  from  the  stimulation.  The  lagging  of  systole  can  be  further  ex- 
plained by  the  increase  in  diastolic  volume  of  the  ventricle  due  to  the  decreased 
minute  output  occurring  during  the  stimulation.  The  increase  of  diastolic  vol- 
ume outlasts  the  stimulation  and  this  will  maintain  the  increased  duration  of 
systole. ^^     As  the  rate  becomes  more  rapid  and  the  minute  output  again  in- 
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Fig.  6. — The  variations  of  systole  and  diastole:  A — during  and  after  vagus  stimulation:  B — during 
and  after  accelerator  stimulation:  C--during  the  action  of  epinephrin.  1 — control;  2-3 — during  vagus 
action;  3 — vagus  stimulation  ceased;  3-4 — six  heats  omitted;  4-.S — after  cessation  of  vagus  stimulation;  6 — 
control;  7 — control;  S — the  5Slh  heat  after  onset  of  accelerator  stimulation;  9 — stimulation  ceased;  9-10 — ten 
beats  omitted;  11-12—35  heats  omitted;  10-11,  12— after  cessation  of  accelerator  stimulation;  13— control; 
14 — control;    15 — early    during    the   action    of   epinephrin. 

creases,  the  diastolic  volume  returns  to  normal  and,  as  a  result,  systole  again 
becomes  of  normal  duration. 

When  considering  the  results  of  recovery  from  the  accelerator  stimulation, 
pointed  out  above,  the  slowing  of  the  rate  beyond  normal  can  be  explained  by 
assuming  that  these  nerves  are  eatabolic,'''  or  that  the  stimulation  has  exhausted 
them  and  so  removed  their  normal  tonicity.  The  marked  lagging  of  systole  in- 
dicates that,  in  addition  to  the  influence  of  changing  diastolic  volume,  there  must 
be  some  specific  effect  on  tin'  hr;ut  muscle  by  these  nerves.  The  more  prompt 
effect  on  systole  sometimes  produced  by  epinephrin  and  by  stimulatiim  of  the 
accelerators,  pointed  out  above,  is  further  evidence  for  this  conclusion. 

(h)  Relation  During  Changing  Venous  Pressure:  Temporary  variations  of 
the  duration  of  systole  which  occur  with  changing  heart  rate  may  also  appear 
during  the  modification  of  other  cardiovascular  influences,  such,  for  example, 
as  the  venous  pressure.     The  changes  occurring  during  increasing  venous  pres- 
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sure  caa  be  readily  produced  by  a  rapid  intravenous  injection  of  saline.  This 
was  done  in  a  number  of  experiments  after  the  vagi  were  sectioned  and  the  varia- 
tions during  and  after  the  injection  determined.  The  results  of  one  such  ex- 
periment, typical  of  all,  is  illustrated  in  Fig.  7.  Prom  this  figure  it  will  be  seen 
that  the  changes  pi'oduced  vary,  depending  ou  how  soon  after  the  injection  the 
cj'cles  are  taken.  Thus,  the  sudden  increase  in  venous  return  first  causes  a  pro- 
longation of  systole  and  a  decrease  in  the  duration  of  diastole,  the  heart  rate 
remaining  unaltered. 

The  fact  that  the  mean  arterial  blood  pressure  does  not  increase  at  this  stage, 
■as  is  the  case  when  the  minute  output  is  increased,  leads  to  the  conclusion  that 
the  heart  does  not  respond  at  once  with  an  increased  output.  Blood  therefore 
accumulates  in  the  ventricle  leading  to  its  dilatation.  The  increased  diastolic 
volume  thus  produced  may  account  for  the  prolongation  of  systole. ^^ 
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Fig.  7. — Relation  of  systole  to  diastole  during  various  stages  of  saline  infusion.  1 — control,  mean 
blood  pressure  (B.P.)  lOU,  heart  rate  (H.R.)  100;  2— ISth  beat  after  injection  of  saline;  2-3— B.  P.  110,  H. 
R.  100;  lA — 24  beats  omitted;  4-5— B.  P.  10.',,  H.  R.  115;  5-6—29  beats  omitted;  6-7— B.  P.  110,  H.  R., 
110;  7-8—10  beats  omitted;  8-9— B. P.  124,  H.R.  115,  9-10—50  beats  after  injection  of  saline  stopped;  10- 
11— B. P.   128,  H.R.   119;    12— control   several  minutes  later  B.P.    100,   II. R.    100. 


The  mean  blood  pressure  soon  rises  however  showing  that  the  heart,  even 
in  the  absence  of  the  vagi,  has  begun  to  compensate  by  increasing  the  minute 
output.  This  is  accomplished  in  part  by  an  increased  heart  rate  and,  perhaps, 
also  by  an  increased  sj'stolic  discharge.  Systole  during  this  stage  continues  to 
be  longer  than  the  theoretical  values  for  these  rates  being  approximately  equal 
to  the  longer  control  cycles.  The  prolongation  of  systole  chiefly  affects  the 
ejection  phase,  as  was  pointed  out  in  reviewing  the  literature,  and  this  would  be 
an  additional  factor  in  increasing  the  systolic  discharge. 

The  heart  rate  remains  rapid  and  the  blood  pressure  is  maintained  high  for 
some  time  after  the  cessation  of  the  injection,  implying  that  the  plethora  induced 
by  the  rapid  intravenous  infusion  has  persisted.  The  duration  of  sj'stole,  how- 
ever, does  not  remain  prolonged  but  becomes  equal  to  the  theoretical  value  even 
while  the  heart  rate  and  blood  pressure  are  still  affected. 

As  these  observations  show,  i;he  cycles  obtained  during  rapid  intravenous  in- 
jection of  saline  deviate  from  Henderson's  uniformity  of  behavior  law. 
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4.  Tlie  UUimotc  Effect  of  Altered  Cardiovascular  Changes  on  the  Durattun 
of  Systole  and  Diastole :  In  studying  the  effect  of  any  influence  on  the  temporal 
relation  of  the  cardiac  phases,  cognizance  must  be  taken  of  the  temporary  changes 
■which  occur  while  the  heart  is  accommodating  itself  to  the  new  conditions.  An 
analysis  of  the  temporary  changes  occurring  in  the  recovery  from  nerve  stimu- 
lation and  during  the  intravenous  infusion  of  saline  was  presented  above.  Sim- 
ilar changes  may  occur  when  any  other  factor  associated  with  the  cardiac  cycle 
is  modified.  These  temporary  changes  must  be  excluded  when  the  ultimate 
effects  produced  by  a  certain  influence  are  studied.  This  is  not  an  easy  task  for, 
as  under  natural  conditions,  slight  variations  of  systole  and  diastole  occur  also 
after  the  heart  has  accommodated  itself  to  the  new  conditions. 

In  selecting  the  cycles  to  determine  the  end  effects  two  criteria  were  used. 
In  the  first  place  cycles  were  selected  which  occurred  a  sufficient  interval  after 
the  onset  of  the  change,  the  number  of  beats  excluded  varying  directly  with  the 
amount  of  departure  from  normal.  However,  in  order  to  avoid  the  cycles  oc- 
curring when  the  deviation  was  returning  to  normal  too  long  an  interval  was 
not  allowed  to'  elapse.  A  second  criterion  depended  on  the  amount  of  variation 
occurring  in  the  consecutive  cycles  selected.  The  variations  in  these  cycles  were 
less  than  those  occurring  in  successive  cycles  during  the  temporary  changes. 
Although  no  arbitrary  amount  of  variation  was  set  yet  the  actual  variation  of 
the  10-15  cycles  selected  approximately  equaled  that  occurring  in  successive 
cycles  under  natural  conditions. 

(a)  Ultimate  Effect  of  Altered  Meehaniced  Influences  on  tlie  Temporal 
Length  of  Systole  and  Diastole :  As  it  is  essential  to  exclude  as  carefully  as  pos- 
sible any  influence  other  than  the  one  studied,  the  vagi  which  are  the  main  chan- 
nel for  compensation  Avere  divided.  For  technical  reasons,  however,  no  attempt 
was  made  to  exclude  the  accelerator  nerves.  The  two  main  mechanical  influences 
capable  of  modifying  the  cardiac  action  are  (1)  the  venous  pressure  and  (2) 
the  arterial  resistance. 

(1)  Increased  Venous  Pressure-.  An  investigation  of  the  eft'ects  of  increased 
intracardiac  volume,  is  of  some  clinical  value  because  it  may  increase  our  under- 
standing of  the  causes  of  cardiac  dilatation.  Cardiac  dilatation  occurs  in  many 
clinical  conditions.  Thus,  chronic  dilatation  is  found  in  many  eases  of  chronic 
myocarditis,  due  to  lues,  chronic  intoxications,  or  as  the  sequel  of  such  acute 
infections  as  rheumatic  fever,  scarlatina,  diphtheria,  etc.  Acute  dilatations 
occur  in  many  hearts  during  fevers,  in  cases  with  degenerated  myocardiums  and 
even  in  normal  hearts  as  a  result  of  severe  unaccustomed  exercise.  The  causes 
of  the  dilatation  in  these  conditions  are  still  imperfectly  understood."'  ="  These 
dilatations  are  frequently  associated  with  an  increased  venous  pressure. 

An  increase  in  the  intracardiac  volume  was  produced  in  these  experiments 
by  raising  the  venous  pressure.  The  manner  in  which  an  increase  in  venous  pres- 
sure produces  the  dilatation  has  already  been  discussed  in  considering  the  tempo- 
rary effects  of  this  condition.  An  increased  venous  pressure  was  produced  by 
permitting  saline  to  flow  rapidly  into  the  external  jugular  vein  from  a  reservoir 
placed  120  em.  al)ove  the  animal.  Three  experiments  typical  of  all  were  selected 
(Table  III)  to  show  the  response  of  a  nnmial  lieait  to  a  rapid  increase  in  venous 
return. 
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The  results  show  that  systole  is  lengthened  to  a  variable  extent  while  dias- 
tole is  either  shortened  (Exp.  3,  Table  III),  lengthened  (Exp.  2),  or  unchanged 
(Exp.  1),  as  a  result  of  saline  injection.  When  a  larger  amount  of  saline  was 
injected  irregularities  of  the  heart  beat  occurred. 

Table  III 

The  Effect  ox  Systole  and  Diastole  of  Intravenous  In.iection  of  Saline  (Vagi 

Sectioned) 

experiment  1         experiment  2        experiment  3 
systole   diastole   systole   diastole   systole   diastole 

Standard  .202 

During  Injection  .227 

of  Saline 
After  Injection  .20 

The  variability  in  the  response  of  the  heart  to  superadded  work  and  the 
rapidity  of  the  injection  modifies  the  amount  of  systolic  lengthening.  In  the 
absence  of  the  vagus  control  all  the  modifications  above  noted  are  produced  either 
locally  or  through  the  accelerators.  The  local  action  modifying  the  heart  rate, 
and  perhaps  slightly  the  duration  of  systole,  is  either  determined  by  alterations 
in  the  nutrition  of  the  sinus  node  and  heart  muscle  or  by  the  altered  mechanical 
conditions  produced  by  a  change  of  intraventricular  pressure.  The  main  cause 
of  the  temporal  lengthening  of  systole,  however,  is  probably  the  increase  in  the 
diastolic  volume  and  initial  pressure  of  the  ventricle  produced  by  the  increased 
venous  pressure. 

(2)  Increased  Arterial  Resistance:  An  increase  in  arterial  resistance  occurs 
<;linically,  notably  in  such  conditions  as  aortic  stenosis,  arteriosclerosis  or  com- 
pression of  the  aorta  by  a  neoplasm  or  aneurysm.  The  prolongation  of  systole 
in  the  first  condition  has  been  clinically  noticed  and  also  shown  to  occur  when 
aortic  stenosis  is  produced  experimentally  (de  Heer^^).  An  increase  in  arterial 
blood  pressure  may  be  readily  induced  by  compressing  the  abdominal  aorta. 
This  was  accomplished  by  applying  digital  pressure  to  the  aorta,  the  fingers  be- 
ing introduced  through  a  small  incision  in  the  anterior  abdominal  wall.  When 
this  was  done  the  results  in  most  instances  were  not  marked,  inasmuch  as  the 
increased  resistance  thus  produced  was  not  great  enough.  In  one  case,  however, 
when  the  common  carotid  was  blocked  at  the  same  time  a  striking  change  was 
noted.  As  can  be  seen  from  Table  IV  the  increase  in  arterial  resistance  caused  a 
lengthening  of  systole  although  the  heart  rate,  in  the  absence  of  vagus  influence, 
remained  the  same. 

Table  IV 
The  Effect  of  Compression  of  the  Abdomin.\l  Aorta  and  Common  C^iROTiD  on  Systole, 
Diastole  and  Blood  Pressure  (Vagi  Cut) 

SYSTOLE  cycle  DIASTOLE      BLOOD    PRESSURE 


.18 

.43 

.205 

.42 

.165 

.42 

-.25 

84  ni.m. 

Control 

.215 

120  m.m. 

During  compression 

.255 

72  ni.m. 

After  release 

It  follows  from  these  observations  that  in  normal  animals  with  sectioned 
vagi  as  in  the  heart-lung  preparations,^^  the  duration  of  systole  can  be  altered 
by  certain  mechanical  factors  independent  of  changes  in  heart  I'ate. 


306  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

(h)  The  Ultimate  Effect  of  Stimulation  of  the  Vagus  and  Accelerator  Nerves 
on  the  Duration  of  the  Cardiac  Phases:  The  results  of  these  experiments  have 
already  been  reported  in  detail  in  a  previous  paper  in  association  with  Wiggers*' 
so  that  only  a  summary  will  be  presented  here.  The  eud  results  of  stimulation  of 
these  uei'ves  were  compared  with  the  standard  curve  of  systole-cycle  ratio  es- 
tablished for  this  animal  and  it  was  found  that  (1)  vagus  stimulation  increases 
systole  and  diastole,  the  latter  more  than  the  former,  and  the  systole-cycle  ratio 
conforms  to  the  theoretical  curve;  (2)  vagus  section  causes  a  shortening  of  sys- 
tole and  diastole,  the  systole-cycle  ratio  conforming  to  the  theoretical  line,  al- 
though falliug  slightly  below  it;  (3)  stimulation  of  accelerators,  both  before  and 
after  the  vagi  are  cut,  causes  a  marked  shortening  of  systole  and  diastole  and 
the  systole-cycle  ratio  is  very  noticeaMy  heloiv  the  theoretical  values  for  those 
c.ycle  lengths;  (4)  during  stimulation  of  the  vagus  center  by  pituitary  extract, 
accelerator  stimulation  causes  a  marked  shortening  of  systole  without  any  ap- 
preciable effect  on  diastole,  the  sj'stole-cycle  ratio  again  falling  noticeably  below 
the  theoretical  values. 

The  conclusions  drawn  from  these  observations  are  that  the  vagi  have  no 
direct  effect  on  the  ventricular  muscle,  the  changes  in  systolic  durations  being 
accountable  on  the  variation  of  diastolic  volume  at  different  heart  rates.  The 
accelerators,  on  the  other  hand,  through  some  selective  influence  on  the  inherent 
irritability  and  contractility  of  the  ventricle,  exert  some  specific  action  on  the 
duration  of  systole. 

(c)  Ttie  Ultimate  Effect  of  EpiiicpJirin  on  the  Duration  of  Systole:  So  far 
an  analysis  of  the  effect  of  different  single  influences  has  been  attempted.  Any 
change  that  occurs  in  the  living  body,  however,  is  the  result  of  alterations  of 
several  factors.  It  is  therefore  desirable  to  determine  the  effect  of  experiment- 
ally modifying  more  than  one  influence  at  the  same  time. 

Epinephrin  offers  a  ready  method  of  doing  this.  A  discussion  of  its  actions 
on  the  circulation  is  given  by  Sollmann.^^  The  injection  of  epinephrin  causes 
a  rise  of  the  mean  arterial  blood  pressure  b.y  stimulating  the  vasomotor  endings. 
When  the  vagi  are  intact,  the  rise  of  blood  pressure  stimulates  the  vagus  center 
overcoming,  in  this  way,  any  effect  the  epinephrin  may  have  on  the  accelerator 
nerves.  On  sectioning  the  vagi,  however,  only  the  accelerator  stimulation  re- 
mains. The  injection  of  epinephrin  at  this  time  produces  an  increase  in  the 
heart  rate  and  a  more  marked  rise  of  the  blood  pressure.  The  observations  al- 
ready presented  in  this  repoi-t  demonstrated  that  accelerator  stimulation  produces 
a  marked  shortening  of  systole  and  that  following  a  sharp  rise  of  blood  pressure 
this  period  is  noticeably  prolonged.  It  is  therefore  interesting  to  see  what  is 
the  final  result  of  producing  these  changes  simultaneously. 

The  result  of  one  such  experiment  is  illustrated  in  Fig.  6  of  a  previous  re- 
port with  Wiggers.*"-  This  figure  shows  that  the  actual  systole-cycle  ratio  falls 
markedly  below  the  theoretical  curve.  It  is  obvious  from  these  results  that  under 
these  conditions,  the  effect  produced  by  epinephrin  action  parallels  that  obtained 
with  electrical  stimulation  of  the  accelerator  nerves ;  that  is,  epinephrin,  through 
its  accelerator  stimulation,  exerts  a  selective  action  on  systole  sufficient  to  over- 
balance the  effect  of  increased  resistance  produced  by  the  high  blood  pressure. 
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VI.     SUMMARY   AND    COXCLUSIOXS 

The  temporal  variations  of  the  cardiac  phases  in  dogs  with  normal  circula- 
tions were  determined  from  optical  records  of  the  heart  sounds. 

It  was  found  that  under  natural  conditions  diastole  is  more  variable  than 
systole.  The  duration  of  diastole  depends  mainly,  but  not  entirely,  on  vagus 
tonus.  The  variations  of  systole  bear  no  constant  relation  to  the  preceding 
diastole,  being  even  less  affected  than  diastole  by  the  vagus  tonus. 

No  entirely  successful  method  of  relating  the  duration  of  systole  to  heart 
rate  has  as  yet  been  found.  Lombard  and  Cope's  formula,  an  attempt  in  this 
dii"ection,  although  fairly  accurate  in  dogs  at  rates  slower  than  150  per  minute, 
is  quite  inexact  at  more  rapid  rates.  An  attempt  to  relate  systole  to  heart  rate 
by  means  of  a  volume  curve  such  as  Henderson's  on  the  assumption  that  the 
heart  beats  according  to  a  uniform  plan  showed  that  a  different  curve  of  this 
kind  must  be  constructed  for  each  animal. 

A  corollary  to  Henderson's  conception  is  that  the  duration  of  systole  and 
diastole  bear  a  fixed  relation  to  the  heart  rate.  Although  many  of  the  results 
of  other  investigators  may  be  accounted  for  in  this  way,  manj^  others  are  ap- 
parently contradictory. 

In  studying  the  ultimate  effect  of  a  single  influence  it  is  essential  to  take 
account  not  only  of  the  many  other  variable  influences  but  also  of  any  temporary 
changes  that  may  be  produced. 

It  was  found  that  whOe  the  heart  is  changing  from  one  rate  to  another  due 
to  varying  nervous  control,  the  duration  of  diastole  alters  first,  except  occasion- 
ally, during  the  beginning  of  epinephrin  or  accelerator  stimulation.  The  cai'diae 
periods  do  not  follow  the  Uniformity  of  Behavior  law  during  such  changes  in 
rate.  This  deviation  is  especially  marked  in  the  recovery  from  accelerator  stim- 
ulation during  which  systole  is  abbreviated  for  a  long  time  due  to  a  persisting  se- 
lective action  of  these  nerves. 

During  the  rapid  intravenous  injection  of  saline,  wliicii  inci'eases  the  venous 
pressure,  systole  is  prolonged  independent  of  the  cycle  length.  This  is  another 
example  of  a  deviation  from  Henderson's  Uniformity  of  Behavior  conception. 

The  ultimate  effect  of  mechanical  influences,  such  as  marked  changes  in 
venous  pressure  and  arterial  resistance,  is  the  production  of  variations  of  .systole 
independent  of  heart  rate. 

It  appears  from  the  results  presented  that  the  vagi  mudify  the  duration  of 
systole  mainly  in  so  far  as  the  change  in  heart  rate  produced  affects  the  diastolic 
volume  of  the  ventricle.  The  accelerator  nerves,  however,  through  a  selective 
effect  on  the  inherent  irritability  and  contractility  of  the  ventricle,  exert  a  spe- 
cific influence  on  the  duration  of  .systole. 

Epinephrin,  through  its  accelerator  stimulation,  produces  so  marked  a  se- 
lective action  on  the  systolic  duration  that  the  contrary  effect  of  the  high  arterial 
resistance  is  overbalanced. 

Consequently  the  conclusions  reached  are:  (1)  tlie  duration  of  systole  is 
normally  modified  to  a  large  extent  by  the  heart  rate  according  to  a  uniform 
cardiac  action  conception,  such  as  Henderson  presented;  (2)  other  influences, 
however,  for  instance  alterations  of  arterial  resistance  and  venous  pressure,  the 
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specific  action  of  the  accelerator  nerves  and  those  occurring  during  changing 
heart  rate  and  even  naturally  from  beat  to  beat,  are  capable  of  producing  devia- 
tions from  this  uniform  action  in  an  animal  with  a  normal  circulation. 

VII.     POSSIBLE   CLINICAL   APPLICATION   OF   RESULTS 

The  criterion  used  for  diseases  of  the  heart  has  changed  in  recent  years. 
No  longer  are  cardiac  diseases  entirely  classified  according  to  the  murmur  heard, 
but,  as  MacKenzie"  has  emphasized,  on  the  functional  integrity  of  the  myocar- 
dium. It  is  not  difficult  to  diagnose  a  case  of  advanced  cardiac  failure.  However, 
if  very  much  good  is  to  be  done  a  much  earlier  diagnosis  is  desirable.  Such 
an  early  diagnosis  has  been  worked  out  on  the  basis  of  dyspnea,  which  we  are  told 
is  one  of  the  earliest  clinical  signs  of  cardiac  failure.  It  would  be  advisable  for 
general  purposes  such,  for  example,  as  to  determine  operative  or  insurance  risks 
to  get  even  an  earlier  sign  than  this.  The  possibility  of  establishing  such  a 
sign  from  the  durations  of  the  cardiac  phases  demands  further  investigation. 

A  detailed  study  of  the  temporal  lengths  of  these  phases  in  recognized  and 
suspected  cardiac  diseases  would  be  interesting  and  desirable.  It  may  be  found, 
for  instance,  that  the  duration  of  the  cardiac  phases  in  the  diseased  heart  as 
compared  to  the  normal  heart,  or  the  comparative  changes  induced  in  these 
periods  by  measured  strains  would  give  a  method  of  determining  the  functional 
integrity  of  the  myocardium.  Only  a  few  of  some  other  possible  applications 
of  such  investigations  are  indicated  below. 

1.  Temporary  or  continued  tachycardia  is  a  clinical  condition  so  frequently 
observed  in  association  with  other  nervous  symptoms  that  it  has  come  to  be 
looked  upon  as  due  to  an  abnormal  balance  of  the  cardiac  control  exerted  by  the 
vagi  and  accelerator  nerves.  The  rate  sometimes  becomes  so  rapid  that  it  is 
difficult  to  refer  it  entirely  to  lack  of  vagus  tone  but  necessitates  the  assumption 
of  an  accelerator  stimulation.  The  only  hopeful  way  of  determining  whether 
the  accelerators  are  really  involved  is  to  accurately  measure  the  actual  duration 
of  systole  in  these  conditions  and  compare  it  with  the  theoretical  value  deter- 
mined from  the  standard  volume  curve  of  the  individual. 

2.  Physiologically  the  pronounced  shortening  of  systole  may  be  looked  upon 
as  one  means  of  preventing  an  excessively  high  arterial  pressure  with  increasing 
heart  rate.  Thus,  in  an  accelerated  heart  there  is  a  tendency  to  prevent  an 
increased  minute  output  not  only  by  a  decreased  diastolic  filling  but  also  by  an 
abbreviation  of  the  ejection  period.  It  is  conceivable  that  if  the  acceleration 
is  produced  in  another  manner  (e.g.  toxic  substances  affecting  the  sinus  node) 
such  a  shortening  does  not  occur.  In  this  case  a  greater  strain  would  be  thrown 
on  the  vasomotor  meclianism  to  prevent  an  abnormal  elevation  of  pressure  lead- 
ing in  this  way  to  a  resultant  persistent  dilatation.  Furthermore,  the  abbrevia- 
tion of  systole  induced  by  accelerator  stimulation  tends  to  spare  the  ventricular 
muscle  from  the  contractile  stress  and  in  this  way  compensates  for  the  more  fre- 
quent occurrence  of  systole  and  the  shortened  diastoles.  It  is  conceivable  that 
this  sparing  influence  of  a  shortened  systole  is  lost  when  the  increase  in  heart 
rate  is  not  due  to  accelerator  stimulation.  Whethei-  this  may  account  for  or 
contribute  to  certain  of  the  symptoms,  such  as  result  from  a  weakened  heart 
associated  witli  some  lypos  of  tacliycardia,  roiiiains  to  bo  scon.     Of  significance  in 
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this  conuection  are  the  observations  of  "Wiggers  and  C'lough''^  who  consistently 
found  that  the  period  of  systole  was  of  longer  duration  in  functional  cardiac 
disorders  (irritable  hearts,  D.  A.  H.)  than  in  normal  individuals.  If  the  prem- 
ises presented  in  this  and  in  the  report  published  with  ^Yiggers''-  are  correct, 
it  would  indicate  that  the  rapid  hearts  in  these  conditions  are  not  due  to  a  hyper- 
excitable  sjanpathetic  system. 

3.  The  lengthening  of  systole  found  in  cases  of  aortic  stenosis  has  been 
variously  explained,  as  due  to  a  compensatory  mechanism  of  the  ventricle  to 
permit  sufficient  blood  to  flow  through  the  stenosed  opening.  If  the  assumption 
that  systole  can  be  modified  by  the  diastolic  volume  is  correct,  then  the  mechan- 
ism of  this  compensation  can  be  readily  explained,  as  the  stenosis  itself  is  capable 
of  producing  such  an  increase  in  the  diastolic  volume.  The  contrary  statement 
sometimes  made  that  in  aortic  insufficiency  the  period  of  systole  is  decreased 
would,  on  the  face  of  it,  be  incompatible  with  this  conception,  as  in  this  condition 
also  an  increase  in  diastolic  volume  occurs.  However,  in  all  such  cases  the  short- 
ening of  systole  may  be  explained  on  the  basis  of  an  increased  heart  rate.  In 
any  event,  the  methods  that  have  been  used  to  determine  the  duration  of  systole 
were  too  inaccurate  to  be  very  valuable.  The  writer  is  unaware  of  any  accurate 
study  of  this  problem  which  merits  further  investigation. 

4.  The  adaptation  of  the  heart  to  varying  conditions  is  well  illustrated  in 
the  response  to  added  work.  When  more  blood  returns  to  the  ventricle,  it 
responds  by  expelling  more  blood,  not  only  by  a  greater  number  of  ejection 
periods,  but  also  by  a  greater  relative  duration  of  each  systole.  In  certain  dis- 
eased conditions,  however,  the  heart  muscle  is  so  weakened  that  it  cannot  re- 
spond to  this  added  strain  and  "heart  failure"  ensues.  AYhether  in  these  con- 
ditions the  duration  of  systole  is  lengthened  remains  to  be  seen. 

Many  other  possible  clinical  problems  suggest  themselves  but  the  few  men- 
tioned are  sufficient  to  show  that  further  investigations  along  these  lines  would 
be  of  practical  clinical  value. 

This  investigation  was  performed  in  the  physiology  laboratory  of  the  Wes- 
tern Reserve  University  Medical  School,  under  the  supervision  of  Professor  C.  J. 
Wiggers.  I  wish  to  express  my  thanks  to  Dr.  Wiggers  for  his  advice  and  sug- 
gestions. 
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ssDeHeer:     Arch.  f.  d.  Gesam.  Physiol.,  1912,  exlviii,  1   (Duration  of  iscnnetric  period)   (Dura- 
tion of  systole  during  stenosis  of  ascending  aorta). 
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■*sLombard  and  Cope:  Am.  Jour.  Pliys.,  1919,  xlrx,  139;  1920,  li,  474  (Variation  of  consecu- 
tive systoles  and  diastoles  with  changes  in  respiration  and  vasomotor  tone). 

loMaeWilliam :     Jour,  of  Physiol.,  1888,  ix,  359   (Vagus  acts  mainly  on  diastole). 

soMines:  Jour,  of  Physiol.,  1913,  xlvi,  358  (Variation  of  electrical  changes  with  heart  rate 
in  frogs). 

siPatterson,  Piper  and  Starling:  Jour,  of  Physiol.,  1914,  xlviii,  4fio,  (Aortic  pressure,  ven- 
ous filling  and  vagus  nerve  on  duration  of  systole). 

52Porter:     Jour,  of  Physiol.,  1892,  xiii,  531   (Variations  of  systole  \vith  heart  rate). 

ssSamojloff:  Arch.  f.  d.  Gesam.  Physiol.,  1910,  cxxxv,  460  (Vagus  on  R-T  interval  of  frogs 
and  mammals). 

54Tliurston:  Jour,  of  Anat.  and  Physiol.,  1876,  x,  494  (Variation  of  systole  with  heart  rate) 
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CLASSIFICATION  OF  STREPTOCOCCUS* 

III.    Streptococci  from  Normal  and  Pathogenic  Throats,  ^ilso  from  Wounds, 
Classified  by  Sugar  Fermentations,  Limiting  Hydrogen-ion  Con- 
centration, AND  Reactions  on  Milk  Mediums 


By  Lloyd  Arnold,  M.D.,  Nashville,  Tenn. 


IN  the  foriut'i-  jiapers  we  have  considered  the  classification  of  streptococci,  based 
priucipall}'  upon  their  ability  to  ferment  certain  sugars.  We  found  the  strep- 
tococci in  the  average  person's  throat  to  be  remarkably  constant  in  health  and 
during  attacks  of  acute  rhinitis  and  pharyngitis  and  also  during  a  recurrent 
"influenza"  attack. 

In  the  present  paper,  parallel  with  the  sugar  fermentations,  the  limiting 
hydrogen-ion  concentration  and  certain  reactions  on  milk  mediums  have  been 
observed. 

historical 

Broadhurst",  Stowell,  Hilliard  and  Schlesinger-^  aud  Smith  and  Brown"* 
record  a  difference  in  the  acidity  produced  on  dextrosebouillon  between  strains 
of  streptococci  from  human  and  bovine  sources,  the  acidity  being  determined  by 
titration,  using  standard  sodium  hydroxide  solutions  and  phenolphthalein  as  the 
indicator.  Ayers*  found  the  limiting  Indrogen-iou  concentration,  determined 
colorimetrically,  of  streptococci  from  human  infections  to  range  between  Ph  5.5 
and  6.0,  this  held  true  for  26  strains  of  the  34  tested ;  those  strains  isolated  from 
human  mouth,  and  from  cow 's  milk,  mouth,  udder  and  feces  had  a  Ph  4.6  to  4.8 
limiting  h3'drogen-ion  concentration  (151  of  167  cultures).  Smillie,-^  using 
Henderson  and  Palmers^*  eolorimetric  method  for  the  hydrogen-ion  determina- 
tion, found  4  strains  of  hemolytic  streptococci  isolated  from  the  throats  of  scarlet 
fever  cases  to  have  a  limiting  hydrogen-ion  concentration  of  Ph  5.1  to  5.7  and  one 
strain  a  value  of  Ph  4.5.  The  former  4  strains  proved  to  be  pathogenic  for  mice, 
the  latter  strain  was  nonpathogenic.  Avery  and  CuUen-  obtained,  colorimetri- 
cally, a  Ph  5.0  to  5.3  for  124  human  strains  and  a  Ph  4.3  to  4.5  for  45  bovine 
strains.  Brown*  records  a  Ph  4.5  to  4.6  for  12  bovine  strains  and  a  Ph  5.1  to  5.4 
for  18  presumably  human  strains.  Jones,  F.  S.^*^  isolated  56  strains  of  hemolytic 
streptococci  from  milk  and  found  that  these  strains  fell  into  two  main  groups,  43 
produced  a  limiting  hydrogen-ion  concentration  of  Ph  4.4  to  4.7  and  13  a  lower 
value  of  Ph  5.0  to  5.2.  Five  cultures  of  the  last  group  were  tested  as  to  their 
pathogenicity  for  rabbits,  the  results  were  all  negative.  Jones,  F.  S.^'  in  another 
article  records  the  limiting  hydrogen-ion  concentration  of  7  human  strains  vary- 
ing between  Ph  5.1-5.6;  5  low  acid-producing  strains  from  milk  Ph  5.1-5.8;  5 
equine  streptococci  (4  strains  isolated  from  the  nasal  mucosa  and  pharynx  of 
horses  suffering  from  influenza,  1  was  cultivated  from  an  an  abscess)  produced 
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Pjj  4.7-4.9  aud  7  bovine  strains  (mastitis)  Ph  4.6.  All  these  four  groups  were 
grown  on  1  per  cent  dextrose-bouillon.  This  author  has  carefully  compared  the 
titration  with  the  colorimetric  method  for  determining  acidity  of  streptococci 
cultures  upon  various  mediums.  For  the  former  he  used  0.05  N  sodium  hj'droxide 
solution.  He  shows  the  two  methods  to  run  remarkably  parallel,  in  his  hands  the 
titration  method  proved  a  satisfactory  method  of  distinguishing  the  degree  of 
acidity  of  the  cultures.  Ayers,  Johnson  and  Davis^  were  unable,  with  their  dex- 
trose-yeast-peptone medium,  to  distinguish  between  humau  and  bovine  strains 
by  the  titration  method.  Jones,  F.  S.*'  and  Jones,  H.,^*  have  both  shown  that 
the  addition  of  serum  to  plain  bouillon  causes  the  streptococci  to  produce  more 
acid  than  when  grown  on  plain  dextrose-bouillon  alone.  Broadhurst"  called 
attention  to  the  fact  that  streptococci  grown  on  meat  bouillon  produced  much 
more  acid  than  when  grown  on  meat  extract  bouillon.  Avery  and  Cullen^  found 
that  pneumococei  grown  on  several  different  sugars,  in  1  per  cent  concentration, 
for  18  hours,  produced  the  same  final  hydrogen-ion  concentration. 

Brown*  observed  that  salicin  was  fermented  slower  than  other  sugars  by 
streptococci  in  his  series.  Jones,  H.^*  has  shown  that  there  is  a  difference  be- 
tween the  limiting  hydrogen-ion  concentration  for  streptococci  grown  for  four 
days  on  1  per  cent  dextrose  and  1  per  cent  lactose  bouillon.  This  same  author 
after  studying  the  effect  of  various  medium  constituents  upon  the  limiting  hydro- 
gen-ion value  of  streptococci  concludes  in  part :  ' '  The  amount  of  glucose  which 
a  given  organism  can  consume  is  influeuced  bj^  the  buffer  content  of  the  medium, 
i.e.,  by  such  constituents  as  phosphates,  protein,  etc.,  which  aid  in  holding  the 
concentration  of  the  hydrogen-ion  from  the  toxic  limit,  thus  permitting  a  larger 
amount  of  the  sugar  to  be  decomposed.  An  initial  reaction  Mith  a  Ph  well  over 
the  allialine  side  has  the  same  effect. ' ' 

In  reviewing  the  literature,  it  seems  that  the  action  of  streptococci  on  milk 
cultures  has  not  jielded  any  information  leading  toward  a  differentiation  between 
strains  of  this  group.  Recently  Sherman  and  Albus--  have  compared  50  strains 
of  streptococci,  isolated  from  milk,  with  50  strains  isolated  from  the  udder  by 
drawing  the  milk  directly  into  sterile  flasks.  These  workers  lay  emphasis  upon 
the  acid  production  and  coagulation  of  milk  and  upon  the  reduction  of  certain 
dyes,  especially  methylene  blue.  Their  Streptococcus  lactis  group  (from  milk) 
caused  curdling  of  the  milk  and  reduction  of  the  methylene  blue  within  24  hours. 
Their  Streptococcus  pyogenes  group  (from  the  udder)  were  not  so  regular  in 
their  curdling  action  aud  never  reduced  methylene  blue  milk  cultures.  Browii* 
did  not  find  either  coagulation  or  reduction  of  methylene  blue  milk  of  any  great 
value  in  differentiation  of  strains.  He  records  50  per  cent  of  the  bovine  strains 
coagulated  milk  within  24  hours,  and  that  none  of  the  human  strains  caused 
coagulation  within  this  time,  as  to  the  methylene  blue  test,  the  reduction  was  not 
constant  for  either  group. 


With  the  exception  of  a  few  changes  in  details,  the  technic  was  the  same 
as  in  our  former  papers.^  The  blood  agar  was  prepared  in  the  same  way.  De- 
Kruif  and  Ireland^^  have  recently  recommended  a  sheep-serum-blood  cell  mix- 
ture, consisting  of  20  per  cent  serum,  5  per  cent  cells  and  agar  75  per  cent.     This 
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method  is  based  on  experimental  evidence  of  the  maximum  streptolysin  produc- 
tion. Their  technic  was  carried  out  on  several  groups  of  plates.  If  the  agar  is 
cooled  properly,  the  blood  added  slowly  while  the  container  is  well  .shaken  during 
the  process,  under  these  conditions  we  have  observed  the  minimum  hemaggluti- 
nation, making  a  clear  uniform  plate.  With  the  DeKruif-Ireland  technic  there 
is  a  difference  in  the  size  of  the  hemolytic  zones,  but  it  is  a  quantitative  diffez'- 
ence  only,  the  advantage  of  this  technic — in  our  liands — has  not  been  sufficient 
to  warrant  the  additional  work  necessary  to  carry  through  their  complicated 
technic. 

The  vitamine-bouillon  was  prepared  as  in  our  former  work.  There  was  an 
initial  hydrogen-ion  concentration  of  Ph  7.8  for  all  bouillon  cultures,  determined 
by  Barnett  and  Chapman's  method"  using  phenol  red  as  indicator.  The  growth 
was  much  better  than  on  the  bouillon  adjusted  to  Ph  7.0.  In  fact  growth  was 
so  much  heavier  after  24  hours  incubation  as  compared  with  the  former  bouillon 
of  Ph  7.0,  that  we  worked  some  time  eliminating  all  possibilities  of  contamina- 
tion causing  the  increased  amount  of  growth.  In  the  proctocols  to  be  reported 
in  this  paper  there  is  not  a  single  "no  growth"  notation. 

Lactose,  mannite  and  saliciu  were  used  in  1  per  cent  concentrations  in  the 
vitamine-bouillon,  each  being  tubed  in  about  5  c.c.  quantities.  The  dextrose 
was  in  the  same  concentration,  but  about  8  c.c.  was  put  into  each  tube.  Care 
was  taken  to  see  that  the  reaction  was  Ph  7.8  after  the  final  sterilization.  In 
view  of  the  work  done  b.y  Mudge-"  we  have  autoclaved  all  sugar  mediums  at 
15  pounds  for  15  minutes  instead  of  sterilizing  in  the  Arnold-sterilizer  for  three 
successive  days. 

The  brom-cresol-purplc  milk  was  prepared  according  to  Clark  and  Lul)s," 
this  was  used  for  detecting  acidity  and  coagulation.  The  methylene  blue  milk 
was  prepared  with  the  same  concentration  of  the  d.ve  as  Sherman  and  Albus-- 
reeommended.  We  found  it  unnecessary  to  sterilize  the  two  separately.  The 
required  amount  of  methylene  blue  can  be  added  to  tlie  milk,  then  tubed  and 
sterilized.  After  cooling,  the  tubes  are  shaken  and  the  methylene  blue  is  oxy- 
dized,  giving  the  original  colored  milk  solution. 

In  detail  the  technic  was  as  follows:  Swabs  were  directl.v  touched  to  cooled 
and  partially  dried  blood  agar  plates,  then  smeared  well  with  a  sterile  bent  glass 
spreader.  If  time  did  not  permit  or  blood  agar  plates  were  not  ready,  the  swab 
was  immediately  soaked  for  one  minute  in  Holman's  cooked  meat  medium,'* 
this  w-as  alwa.vs  kei)t  in  thi'  incubator  read.v  for  use.  If  the  plates  w-ere  to  be 
inoculated  within  six  liinii's,  these  warm  lloliiiaii  meat  tulies  were  incubated,  but 
if  the  mati'i'ial  was  not  to  he  plated  uiilil  the  next  day,  Ihe  tubes  were  set  aside 
and  incubated  for  six  hoiu's  just  liefore  jihitiiig.  A  loopful  of  this  TTolman  meat 
culture  was  diluted  with  5  c.c.  of  sterile  Ringer's  solution  and  after  shaking'  well 
one  loopful  of  this  diluted  suspension  was  plated,  this  was  spreail  over  tiie  jilate 
by  means  of  the  sterile  glass  spreader.  If  the  sw-ab  was  from  a  wound,  two  or 
more  plates  were  usuall.v  smeared  witli  the  same  spreader,  after  smearing  the 
first  plate,  thereby  getting  a  graduated  dilution,  insuring  isolated  colonies  on 
the  plates.  These  plates  were  inverted  and  incubated  for  twenty-four  hours. 
The  growth  was  described,  and  t.vpieal  colonies  were  picked,  in  some  cases  20 
colonies  fi-mii  the  original  swab.     The  jiieked  colonies  were  jiut   on  warm  IIol- 
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man's  meat  medium  aud  incubated  for  6  to  24  hours,  the  time  of  incubation  beiug 
of  no  importance  so  far  as  the  morphology  of  the  streptococci  is  concerned. 
After  six  or  eight  hours  there  is  a  good  growth.  These  were  stained,  direct 
from  the  Holman  meat  medium,  by  Gram  method.  "We  have  used  the  Weigert's 
gentian  violet  solutions,  being  unable  to  obtain  the  aniline  sulphate  for  the  per- 
manent gentian  violet  solution  as  recommended  by  the  Committee  on  Descriptive 
Charts.-^  The  quick  method  for  the  Grain  stain  was  used.  All  strains  were 
classified  morphologically,  as  to  size  of  cocci,  length  of  chains,  appearance  of  the 
cocci  in  chains,  i.e.,  if  in  diploeoeci  form  or  single,  elongated,  etc.  All  diplo- 
cocci  in  very  short  chains  or  appearing  singly  were  eliminated,  as  so  far  these 
have  been  bile  soluble  and  have  added  unnecessarily  to  the  technical  work.  So 
far  we  have  not  found  any  of  the  bile  insoluble  strains  descrilaed  by  Mair.^" 
The  streptococci  proving  to  be  in  pure  cultures  were  transferred  to  vitamine- 
bouillon,  1  per  cent  dextrose,  lactose,  mannite  and  salicin  in  vitamine-boiiillon, 
and  brom-cresol-purple  and  methylene  blue  milk,  all  these  were  inoculated  from 
the  Holman  meat  tube.  The  plain  bouillon  culture  was  used  for  the  bile  test. 
One  drop  of  a  0.1  per  cent  alcoholic  solution  of  the  methyl  red  was  added  to  each 
of  the  lactose,  mannite  and  salicin  tubes,  any  color  from  a  salmon  to  a  red  was 
recorded  as  positive.  Five  c.c.  was  pipetted  from  the  dextrose  bouillon  48  hour 
culture  into  a  clean  test  tube  (150x20)  one  drop  of  an  alcoholic  solution  of  methyl 
red  added.  (We  have  found  the  amount,  as  recommended  by  Avery  and  Cullen," 
0.02  c.c.  to  give  the  sharpest  end  point,  the  pipette  should  be  roughly  standard- 
ized to  drop  50  drops  to  the  c.c.) .  To  this  is  now  added  10  c.c.  of  distilled  water. 
A  red  color  denotes  a  hydrogen-ion  value  of  about  4.3  to  4.6,  a  salmon  color  Ph 
5.0  to  5.4.  These  were  checked  with  the  colorimetrie  method,  the  standards  being 
prepared  according  to  Clark  and  Lubs.'-  With  a  little  experience  the  color 
obtained  by  the  above  teehnic  can  be  read  off  to  within  0.2  Ph  readily.  There 
were  a  few  cultures,  as  was  mentioned  by  Avery  aud  Cullen,  that  did  not  give  any 
color  at  all  with  the  methyl  red  indicator  on  the  dextrose  bouillon  cultures,  these 
are  recorded  as  "irregulars"  in  the  following  tables.  Several  strains  were  found 
to  rapidly  decolorize  the  methyl  red,  first  appearing  as  a  deep  red  color,  then 
after  a  few  minutes  a  salmon  and  after  15  minutes  completely  decolorized  to  the 
original  bouillon  color.  Jones^"  has  observed  the  same  action  upon  methyl  red 
by  some  of  his  streptococci  cultures.  For  this  reason  the  methyl  red  was  added 
to  the  sugars  as  an  indicator  for  fermentation  after  they  have  been  incubated. 
The  colors  were  read  immediately  after  addition  of  the  indicator.  The  milk 
cultures  were  recorded  after  12  hours,  24  hours  and  then  every  24  hours  for  8 
daj's. 

EXPERIMENTAL    I.       NORMAL    AXD    PATHOLOGIC    THROATS 

One  hundred  thirty-nine  strains  of  streptococci  were  isolated  from  the  pos- 
terior nasopharynx  of  healthy  persons,  and  from  cases  of  acute  tonsillitis  and 
pharyngitis.  There  were  40  cases  in  all,  twenty  wei-e  apparently  normal  throats, 
and  twenty  from  other  than  normal  throats,  the  above  diagnosis  was  given  for 
the  majority  of  these  cases. 

In  the  healthy  throat  series  were  75  strains  of  streptococci  isolated — 12 
hemolytic  and  33  nonhemolytic  strains. 
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Hemolytic  Streptococci 


STRAINS    WITH    LIMITING      H-ION    CONCENTRATION    OF 


Holnian's  Classification 
Streptococcus  Aiiginosus 
Streptococcus  Pyogenes 
Streptococcus  Subacidus 


Streptococcus  Salivarius 
Streptococcus  Mitis 
Streptococcus  Ignavus 
Strejjtococcus  Equinus 


>fumber  of 

Irregular 

Strains 

Per  cent 

Ph.4.3-4.5 

Pli.5.0-5.4 

strains 

21 

50. 

20 

1 

0 

17 

40.5 

16 

1 

0 

-t 

9.5 

2 

0 

2 

NONHEMOLYTIC    STREPTOCOCCI 

20 

60.6 

17 

2 

1 

9 

27.3 

8 

1 

0 

3 

9.1 

3 

0 

0 

1 

3. 

1 

0 

0 

Throats  showing  evidence  of  acute  inflammation.     64  strains  were  isolated, 
27  hemolytic  and  37  nonhemolytic. 


Holman's  Classification 
Streptococcus  Anginosus 
Streptococcus  Pyogenes 
Streptococcus  Subacidus 
Streptococcus  Hemolyticus 


Hemoly'tic  Streptococci 

strains  with  limiting  h-ion  concentration  of 
Number  of 

Strains         Per  cent  Ph.4.3-4.5     Ph.5.0 

14                   51.8  12                   2 

9                   33.4  9                   0 

3                   11.1  2                   1 

1                     3.7  10 


Irregular 
strains 
0 
0 
0 
0 


Streptococcus  Salivarius 
Streptococcus  Mitis 
Streptococcus  Ignavus 
Streptococcus  Nouhemolyticus 


NONHEMOLYTIC    STREPTOCOCCI 

22  59.5  2; 

12  32.4  l; 

2  5.4  : 

i        1  2.7 


1 

0 

0 

0 

0 

0 

0 

0 

These  findings  can  be  expressed  in  another  way : 

42   strains  of  hemolytic  streptococci  from  normal  throats: 

38  strains  or  90.48%  would  be  classified  as  nonpathogenic,  nonvirulent  or  bovine. 
2  strains  or     4.76%  would  be  classified  as  pathogenic,  virulent   or   huiiuui. 

2  strains  or     4.76%  would  not  be  classified   (irregular). 

33  strains  of  nonhemolytic  streptococci  from  normal  throats: 

29  strains  or  87.88%  would  be  classified  as  nonpathogenic,  nonvirulent  or  bovine. 

3  strains  or     9.09%  would  be  classified  as  pathogenic,  virulent   or   human. 
1  strain     or     4.03%  could  not  be   classified    (irregular). 

27  strains  of  hemolytic  streptococci    from    pathogenic    throats: 

24  strains  or  88.90%  would  be  classified  as  nonpathogenic,  nonvirulent  or  bovine. 

3  strains  or  11.10%  would  be  classified  as  pathogenic,  virulent  or  luimaii. 
37  strains  of  nonhemolytic  streptococci  from  pathogenic  throats: 
36  strains  or  97.30%  would  be  classified  as  nonpathogenic,  nonvirulent   or   bovine. 

1  strain  or     2.70%  would  be  classified  as  pathogenic,  virulent  or  human. 


The  following  tables  ^ive  the  I'csults  of  llie  139  strains  of  sti'entoeoeci  on 
brom-cresol-imrple  milk  and  methylene  lilue  milk. 
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BROM-CKESOL-PURPLE    MILK. 

Acid  within  2i  hrs.  coagulation  after 

2-1  hours. 
Acid  and  coagulation  within  Si  his. 
Acid  and  coagulation  after  24  hrs. 
Acid  within  24  hrs.    Xo  coagulation. 
Acid  after  24  hrs.    Xo  coagulation. 
No 


NOBSIAL 

THROATS. 

HEMOLYTIC. 

9  strains— 21.43% 

10  strains— 23.81% 

10  strains— 23.81% 

3  strains — 7.14% 

9  strains— 21.43% 

1  strain — 2.38% 


PATHOLOGIC 

THROATS. 
HEMOLYTIC. 


9  Strains— 33.33% 

0 

9  strains— 33.33% 

4  strains- 14.81% 

4  strains— 14.81% 

1  strain — 3.71% 


BROM-CRESOL-PrKPLE    MILK. 

Acid  within  24  hrs.  coagulation  after 

24  hrs. 
Acid  and  coagulation  within  24  hrs. 
Acid  and  coagulation  after  24  hrs. 
Acid  within  24  hrs.   Xo  coagulation. 
Acid  after  24  hrs.     Xo  coagulation. 
Xo  change. 


NORM.\L 
THROATS. 
NONHEMOLYTIC. 

13  strains— 39.39% 
8  strains— 24.24% 
S  strains — 24.24% 
0 

3  strains— 9.09% 
1  strain— 3.03% 


PATHOLOGIC 

THROATS. 

NONHEMOLYTIC. 

13  strains— .51.8.5% 
0 
11  strains— 29.73% 

2  strains — 5.41% 

3  strains— 8.10% 
2  strains — 5.41% 


METHYLENE    BLUE    MILK 

Reduced  within  24  hrs. 
Coagulation  within  24  hrs. 
Eeduced  within  24  hrs. 
Coagulation  after  24  hrs. 
Reduced   after  24  hrs. 
Coagulation  after  24  hrs. 
Partial  reduction. 
"With  or  without  coagulation. 
Reduction. 
Xo  coagulation. 
Xo  change. 

Reduction  before   coagulation. 
Regardless  of  time  factor. 
Reduction    and    coagulation    at    same 
reading,  regardless  of  time  factor. 


METHYLENE    BLUE    MILK 

Reduced  witliin  24  hrs. 
Coagulation  within  24  hrs. 
Reduced  within  24  hrs. 
Coagulation  after  24  hrs. 
Reduced   after  24  hrs. 
Coagulation  after  24  hrs. 
Partial  reduction. 
Xo  coagulation. 
Coagulation. 


NORMAL 

THROATS. 

HEMOLYTIC 

STREPTOCOCCL 

strains — 7.14% 
strains — 4.28% 
strains— 33.33% 


PATHOLOGIC 

THROATS. 

HEMOLYTIC 

STREPTOCOCCI. 

0 

2  strains — 7.41% 

3  strains— 11.11% 
5  strains — 18.52% 


1  strain— 2.4% 

0 

18  strains-^2.85% 

17 

strains — 62.96% 

13  strains— 31.  % 

5 

strains— 18.52% 

11  strains— 26.  % 

0 

NORMAL 

PATHOLOGIC 

THROATS. 

THROATS. 

NONHEMOLYTIC 

NONHEMOLYTIC 

STREPTOCOCCI. 

STREPTOCOCCI. 

3  Strains— 9.09% 

0 

2  strains— 6.00% 

6 

Strains— 16.22% 

6  strains — 18.18% 

10 

strains— 27.02%) 

1  strain— 3.03% 

2 

strains — 5.40% 
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METHYLENE    BLUE    MILK 


NOKMAL 

THROATS. 

NONHEMOLYTIC 

STREPTOCOCCI. 

1  Strain— 3.03% 
19  strains — 57.57% 


No  reduction. 
No  change. 
Eeduction. 

No  coagulation.  1  strain— 3.03% 

Reduction  before  coagulation  regard- 
less of  time  factor.  10  strains — 30.3% 

Bcduction    and    coagulation    at    same 

reading,  regardless  of  time   factor.   4  strains — 32.  % 


P.^THOLOGIC 

THROATS. 

NONHEMOLYTIC 

STREPTOCOCCI. 

0 

18  strains— 48.65% 

1  strain — 2.70% 

10  strains — 27.  % 

8  strains — 22.  % 


EXPERIMENTAL  II.       THROATS  AND  INFECTED  WOUNDS  OF  THE  SAME  INDIVIDUAL 

One  case  of  severe  streptococci  infection  of  a  scalp  wound  was  studied.  The 
infection  spread  over  the  Mhole  scalp  area  and  down  on  the  left  side  of  the  face 
and  neck.  Cultures  were  made  from  the  posterior  nasopharynx  and  the  infected 
wound  the  day  the  patient  was  admitted,  and  again  six  days  later. 

The  results  of  the  first  culture  were : 

POSTERIOR   NASOPHARYNX 


4.5 

5.3 
4.3 
5.3 
5.3 


.Streptococcus  Pyogenes        4  strains  Limiting  H-ion  Concentration  of  Pli  5.2  to  5.4 
"              Pyogenes        4  strains         "             "                  "  4.3  to  4.5 

The  second  culture  (six  days  later) 

POSTERIOR   NASOPHARYNX 

Streptococcus  Anginosus      2  strains  Limiting  H-ion  Concentration  of  Pli  5.4 
"              Subacidus       2  strains         "             "                  "  5.4 

"  Ignavus  2  straijis         "  "  "  5.3 


Sti 

eptococcus 

Subacidus 

Subacidus 

Pyogenes 

Pyogenes 

Anginosus 

Ignavus 

8  strains 
2  strains 
2  strains 
2  strains 
2  strains 
4  strains 

Limiting 

WOUND 

Streptococcus  Pyogenes        0  strains  Limiting  ll-ion  Concentration  of  Ph  5.3  to  5.4 
"  Mitis  2  strains         "  "  "  5.4 

"  Ignavus  2  .strains  "  "  "  5.4 

For  the  past  year  or  so  we  have  had  in  mind  the  question  of  the  influence 
of  throat  streptococci  upon  those  of  the  wound  and  vice  versa.  We  have  had 
the  ojipnrtunity  of  studyinf";  (inly  a  few  eases.  These  were  typed  only  by  Hol- 
man's  cliissiticatidii,  as  1lie  Avery  ami  ( 'ullcn  method  usin^  metli.vl  red  had  not 
lieen  published  wiien  this  was  done.  There  were  23  eases  in  this  series,  we  are 
•living  only  ten  eases  here,  wliich  represent  the  average  findings.  These  were 
isolated  (ibscrvatiiiiis,  made  as  time  |)('rmitt<'d  and  wilhdut  elioosing  special  cases. 
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Case  200.     Infected  wound  after  removal  of  both  breasts. 

TUnOAT  WOUXD 

Streptococcus  Pyogenes  ?<  strains         Streptococcus  Ignavus 

"  Hcmolyticiis  i  1  strain  "  Salivarius 

"  Ignavus  2  strains 

"  Salivarius  2  strains 

Case  200.     Six  days  later. 

THROAT  IVOUXD 

Streptococcus  Mitis  2  strains         Streptococcus  Ignavus 

"  Salivarius  1  strain  "  Salivarius 

' '  Fecalis 


2  strains 
2  strains 


1  strain 
1  strain 
1   strain 


Case  202.     Infected  wound  after  removal  of  malignant  growth  from  axilla. 

THKOAT  WOUXD 

Strejitococcus  Hemolyticiis  ii  2  strains         Streptococcus  Hemolyticus  ii  1  strain 

"  Ignavus  1  strain  "  Salivarius  1  strain 

' '  Salivarius  1  strain  ' '  Fecalis 


1  strain 


Case  203.     Draining  pyothorax. 


THROAT 

Streptococcus  Hemolyticus  i 
' '  Mitis 


WOUND 

2  strains         Streptococcus  Equinus 
1  strain 


Case  204.     Infected  gun-shot  wound  of  arm. 

THROAT 


Streptococcus  Anginosus 
' '  Mitis 


1   strain  Streptococcus  Infrequens 

4  strains  ' '  Mitis 


Ca.se  205.     Infected  gun-shot  wound  of  foot. 

THROAT  WOUND 

Streptococcus  Equinus  2  strains         Streptococcus  Ignavus 

"  Mitis  1  strain  "  Salivarius 

' '  Fecalis 


1  strain 

2  strains 


1  strain 
1  strain 
1  strain 


Case  207.     Otitis  Media. 

THROAT  WOUND 

Streptococcus  Equinus                      2  strains         Streptococcus  Equi  2  strains 

"             Ignavus                      1  strain  "              Subacidus                   1  strain 

"  Nonliemolyticus  i      2  strains 

Case  209.     Pus  from  hip  fracture  of  12  months'  standing  in  elderly  person. 

THROAT  WOUND 

Streptococcus  Salivarius                       t  strains  Streptococcus  Xonliemolyticus  i     3  strains 
Case  216.     Draining  pyothorax. 

THROAT  WOUND 

streptococcus  Anginosus                      1  strain  Streptococcus  Equi                            1  strain 

"              Salivarius                   2  strains  "              Salivarius                   1  strain 

Case  217.     Draining  pyothorax. 

THROAT  WOUND 


streptococcus  Equi 

' '  Salivarius 


2  strains         Streptococcus  Mitis 
2  strains 


2  strains 
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DISCUSSION 

The  results  of  the  first  part  of  this  paper  seem  to  show  that  the  streptococci, 
both  hemolytic  and  nonhemolytic,  in  throats  of  cases  of  acute  tonsillitis  and  phar- 
yngitis do  not  differ,  in  their  limiting  hydrogen-ion  concentration  and  fermenta- 
tion of  sugars,  from  those  streptococci  present  in  normal  throats.  Jones,  F.  S.^^ 
has  isolated  several  sti-ains  of  low-acid-i^rodueing  streptococci  from  milk,  the 
limiting  hydrogen-iou  concentration  on  plain  dextrose-bouillon  eultui-es  ranging 
from  Ph  5.1  to  5.8.  These  strains  if  present  in  the  throat  and  having  this  final 
hydrogen-ion  concentration,  would  fall  in  the  pathogenic  gi'oup. 

In  the  second  part  of  this  paper  the  only  case  of  wound  infection,  that  could 
be  classified  clinically  as  a  vii'uleut  type,  which  was  studied  in  respect  to  the 
limiting  hydrogen-ion  concentration  of  the  isolated  streptococci,  presents  many 
interesting  features.  There  were  hemolytic  streptococci  present  in  the  throat  of 
this  patient  during  the  first  part  of  the  infection  that  belonged  to  the  pathogenic 
group  (Ph  50.  to  5.3)  and  there  were  also  some  belonging  to  the  nonpathogenic 
group  (Ph  4.3  to  4.5),  both  pathogenic  and  nonpathogenic  giving  the  same  sugar 
reactions,  this  was  also  true  for  the  cultures  made  from  the  wound.  Six  days 
later  all  the  strains  isolated  from  both  throat  and  wound  were  of  the  pathogenic 
\ariety.  A  swab  only  comes  in  contact  with  a  relatively  small  amount  of  exudate 
and  the  swabs  from  such  wounds  are  usually  heavily  seeded,  as  a  result  only  a 
small  portion  of  this  is  used  for  inoculation  of  the  respective  medium,  conse- 
quently there  is  only  a  very  small  part  of  the  exudate  examined.  The  position 
in  the  wound  of  that  portion  of  the  exudate  which  is  examined  may  exert  con- 
.siderable  influence  upon  the  streptococci  isolated,  i.e.,  whether  the  superficial  or 
deep  part  of  the  exudate  is  collected  on  the  swab,  or  even  a  swab  taken  directly 
from  the  wound  surface  after  removal  of  the  exudate.  These  points  are  now 
being  studied  in  this  laboratory. 

The  results  we  have  obtained  from  the  milk  cultures  have  not  yielded  us 
anything  that  would  help  toward  classifying  the  streptococci.  The  action  of 
the  bi'om-cresol-purple  milk,  as  to  the  time  of  acid  reaction  and  coagulation, 
and  the  methylene  blue  milk,  as  to  the  time  of  reduction  and  coagulation,  seemed 
to  have  been  independent  of  the  sugar  fermentations  and  limiting  hydrogen-ion 
concentration  on  dextrose-bouillon.  The  factors  underlying  the  reduction  of 
the  methylene  blue  in  the  milk  cultures  does  not  seem  to  be  clearly  understood. 
Bartel"  seems  to  think  the  cause  of  the  decolorization  is  explained  by  the  exhaus- 
tion of  the  dissolved  oxygen  of  the  milk  by  the  activity  of  the  bacteria  and  the 
subsequent  reduction  of  the  lactose  or  other  constituents  of  the  milk.  Several  of 
our  strains  not  fermenting  lactose,  readily  reduced  the  methylene  blue  in  the 
milk  cultures.  It  probably  is  an  indicator  of  a  certain  particular  form  of  metab- 
olism of  the  strain,  involving  the  rate  of  oxygen  requirement  by  the  organism 
and  possibly  a  reductase  formation.  This  question  is  being  further  studied  by 
(iiie  (if  us  at  the  present  time. 

The  use  of  the  1  per  cent  dextrose-bouillon  for  the  sugar  medium  to  l)e  used 
for  tlie  limiting  hydrogen-ion  concentration  has  been  found  to  be  satisfactory. 
We  have  noticed  a  marked  difl'erenee  in  the  hydrogen-ion  concentration  in  the 
different  sugars  used,  after  48  houi-s  incul)ation.  The  lactose,  when  fermented, 
seems  to  give  about  the  same  color  as  tlie  dextrose,  but  the  salicin  and  mannite 
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were  found  to  vary  within  wide  limits,  usually  giving  a  lower  concentration  of 
hydrogen-ions.  The  dextrose-bouillon  medium  was  not  fermented  by  some 
strains,  or  at  least  the  hydrogen-ion  concentration  did  not  fall  within  the  methyl 
red  range.  All  these  doubtful  strains  are  being  studied  now  by  us.  With  more 
extensive  work  upon  this  group  and  the  strains  reaching  a  limiting  hydrogen-ion 
concentration  of  Ph  4.5  and  Ph  5.0,  that  is  the  upper  limit  of  the  nonpathogenic, 
nonvirulent  or  bovine  group,  and  the  lower  limit  of  the  pathogenic,  virulent  or 
human  group,  there  may  be  some  more  light  thrown  on  the  subject  of  using  the 
limiting  hydi'ogen-ion  concentration  as  a  means  of  classifying  streptococci. 

One  should  also  take  into  consideration  that  the  work  on  the  throat  cases 
here  recorded  was  done  during  the  past  summer  months.  This  is  being  con- 
tinued into  the  coming  winter  months,  possibly  there  will  be  some  differences 
observed,  at  least  a  parallel  series  will  be  of  interest. 


The  technic  of  the  simple  and  rapid  method  of  determining  the  hydrogen-ion 
concentration,  recommended  by  Avery  and  C'ullcn,  has  proved  satisfactory  in 
our  hands. 

The  hemolytic  and  nonhemolytic  streptococci  found  in  normal  and  patho- 
genic throats  were  of  the  same  varieties,  when  classified  by  Holman's  sugar  fei'- 
mentation  tests,  Avery  and  Cullen's  final  hydrogen-ion  concentration  and  their 
action  on  brom-cresol-purple  and  methylene  blue  milks. 

In  many  eases  of  infected  wounds,  particulai'ly  those  of  the  head  and  upper 
extremity,  the  same  sti-ains  of  streptococci  were  found  in  the  throat  and  the 
wound. 
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THE  ETIOLOGY  OF  ACUTE  INFLAMMATIONS  OF  THE  NOSE, 
PHARYNX  AND  TONSILS* 


By  Stuart  Mudd,  M.D.,  Samuel  B.  Grant,  M.D.,  and  Alfred  Goldman,  M.D., 

St.  Louis,  Mo. 

(Contiiined  from  pnge  27o.) 


concurrent  bacteriologic  studies — summer  of  1920 

The  bacteriologic  methods  of  1920  were  essentially  those  of  1919  save  that 
the  baked  blood  plates  for  B.  influenza;  were  omitted  and  that  the  vestibule  of  the 
nose  was  in  each  case  washed  out  before  the  nasal  culture  with  cotton  wet  with 
tap  water. 

Rrsults. — Four  subjects  were  used  in  this  study.  Cultures  were  made 
daily  (with  a  few  omissions)  from  June  21  to  July  19  from  the  right  and  left 
nasal  cavities,  the  right  faucial  tonsil,  and  the  posterior  pharj-ngeal  wall  of  two 
subjects,  S.  M.  and  A.  G.  The  third,  S.  B.  G.,  was  similarly  cultured  from 
June  21  to  June  30,  inclusive.  The  fourth,  F.  J.  C,  was  cultured  only  once. 
S.  M.,  A.  G.,  and  F.  J.  C.  each  developed  a  mild  coryza.  S.  B.  G.  was  un- 
affected. 

Subject  S.  M.  showed  in  the  nose  from  the  outset  Staphylococcus  albus. 
On  June  24  and  thereafter  S.  aureus  also  was  found.  Diphtheroids  appeared  in 
cultures  from  each  nasal  cavity  made  four  hours  after  his  third  intranasal  ex- 
periment. S.  albus  remained  throughout  all  the  experiments.  S.  aureus  was 
present  occasionally,  but,  except  on  the  days  following  its  first  appearance,  in 
smaller  numbers  than  S.  albus.  The  diphtheroids  fluctuated  in  numbers  and 
were  sometimes  absent.  There  was  no  apparent  relation  between  their  numbers 
and  the  chilling. 

The  tonsil  contained  at  the  outset  Streptococcus  nonhemolyticus,  pneumo- 
coccus,  and  S.  albus.  Streptococcus  hemolyticus  appeared  in  the  tonsil  culture 
taken  24  hours  after  the  first  experiment  on  June  22 ;  the  applicator  in  this 
experiment  was  on  the  nasal  septum  and  the  subject's  mouth  was  closed.  Forty- 
eight  hours  after  the  experiment,  a  pure  culture  of  S.  hemoh-ticus  appeared  in 
the  tonsil  culture.  The  number  ^minished  on  the  following  day  to  11  per  cent 
(if  all  colonies,  and  subsequently  remained  present  in  numbers  from  1  to  12 
|MT  cent  of  all  colonies  counted,  through  July  12.  Nose  and  throat  remained 
clinically  normal  throughout  this  time.  Further  experiments  were  performed 
upon  this  subject  July  12,  If),  and  17,  with  the  thermo))ile  tips  respectively  on 
the  nasopharyngeal  and  oropharyngeal  wall  and  in  llie  air  of  tlie  postnasal 
space.  The  proportion  of  liemolytic  streptocorei  in  tiic  tonsil  cultures  slowly 
rose  during  this  time — July  12,  12  per  cent;  July  14,  Ifi  per  i-ciil  ;  July  l(i  and 
17,  numerou.s,  not  counted;  July  19,  25  per  cent  ;  July  20,  :i()  jxt  cent.    July  17, 
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this  subject  begau  to  develop  symptoms  of  coryza.  By  July  19  he  had  cough, 
nasal  stufSjiess  and  rhiuorrhea  and  malaise.  SjTnptoms  present  but  abated  the 
following  day.  The  mother  of  this  subject  had  had  a  severe  cold  from  about 
J  uly  12 ;  his  sjonptoras  may  or  ma j-  not  have  been  connected  with  the  experi- 
ments. 

The  pharynx  showed  Streptococcus  uouhemolytieus  and  pneumoeoccus  and 
occasionally  S.  albus  and  S.  aureus.  June  27,  S.  hemoh-ticus  appeared  and 
subsequently  it  was  obtained  in  four  cultures,  each  time  associated  with  tonsil 
cultures  containing  a  like  organism.  S.  hemolytieus  is  so  usual  an  inhabitant 
of  the  tonsils  (Davis,  1920)  that  its  incidence  here  may  or  may  not  have  been 
connected  with  the  experiments. 

Subject  A.  G.  showed  in  the  nasal  cavity  initially  S.  aureus ;  subsequently  S. 
albus  appeared  on  each  side.  The  right  side  showed  usually  a  preponderance 
of  S.  albus,  the  left  of  S.  aureus.  No  other  organisms  appeared  in  the  nasa:! 
cultures. 

The  right  tonsil  showed  Streptococcus  uouhemolytieus  throughout,  i.  e., 
from  Juue  21  to  July  19.  A.  G.  was  subject  of  an  experiment  June  21,  23,  and 
24 ;  application  was  made  on  the  anterior  end  of  the  right  nasal  septum,  the  an- 
terior end  of  the  left  lower  turbinate  and  in  the  left  middle  meatus,  respectively. 
The  symptoms  of  a  slight  rhinitis — nasal  stuffiness,  slight  headache  and  slight 
mucopurulent  discharge — developed  June  24.  The  secretion  and  stuffiness  per- 
sisted until  June  29.  June  24  two  colonies  of  M.  catarrhalis  appeared  on  the 
tonsil  plate  and  Juue  26  one  on  the  tonsil  and  three  on  the  pharjmx  plate. 
Juue  28  S.  albus  began  to  be  present  in  the  right  nose.  Otherwise  no  change 
in  bacteriology  was  noted,  the  nose  showing  S.  aureus  and  the  tonsil  and  phai-ynx 
nonhemolytic  streptococci  as  before.  A.  G.  was  again  subject  July  7  and  17, 
with  the  applicator  on  the  right  middle  turbinate  in  the  first  case  and  with  no 
mucous  membrane  application  at  all  in  the  second.  July  17  twenty  colonies 
(44  per  cent)  of  M.  catarrhalis  appeared  on  the  tonsil  plate.  There  were  no 
accompanying  clinical  symptoms.  Streptococcus  hemolytieus  appeared  after 
the  experiment  of  July  7,  four  colonies  on  the  tonsil  and  one  on  the  pharynx 
plate  July  7,  one  on  the  tonsil  plate  July  8  and  one  on  the  tonsil  plate  July  12. 
These  were  the  only  appearances  of  hemolytic  streptococci  in  this  subject  either 
in  the  series  of  1919  or  1920. 

In  subject  S.  B.  G.  there  were  present  in  the  nose  S.  aureus  and  S.  albus. 
On  the  right  tonsil  there  were  S.  nonliemolyticus,  pneumoeoccus,  S.  aureus  and 
S.  albus.  The  pharynx  showed  S.  uouhemolytieus  and  pneumoeoccus.  There 
was  practically  no  change  in  the  bacterial  flora  throughout  the  period  studied 
neither  were  there  any  signs  of  a  cold.  The  cultures  from  the  pharynx  were 
frequently  sterile  and  always  showed  relatively  few  bacteria,  as  was  the  case 
in  this  subject  in  1919. 

F.  J.  C,  whose  pharyngeal  culture  showed  abundant  hemolytic  strepto- 
cocci, developed  a  miicl  cold  the  day  following  his  first  experiment  (applicator 
on  left  nasal  septum).  Unfortunately  a  contagious  origin  cannot  be  ruled  out. 
however,  for  his  baby  brother  developed  a  cold  about  the  same  time. 

Discussion. — Streptococcus  uouhemolytieus  was  found  in  all  four  individuals 
studied,  pneumoeoccus  in  two,  S.  hemolytieus  in  three,  and  M.  catarrhalis  in 
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one.  lu  S.  M.,  on  one  occasion  there  was  an  abundance  of  S.  liemolyticus  in  the 
tonsil  cultures  before  and  during  the  symptoms  of  cold  and  sore  throat.  In 
F.  J.  C.  a  cold  followed  a  single  exposure  of  an  individual  with  abundant  hemo- 
lytic streptococci.  The  appearance  of  M.  eatarrhalis  in  A.  G.  after  experi- 
mentation was  paralleled  by  a  like  occurrence  in  1919. 

INTERPRETATION   OF   REACTIONS   TO   CHILLING 

It  is  a  fact  beyond  question  that  potentially  pathogenic  bacteria  may  lead 
a  saprophytic  existence  upon  the  pharyngeal  and  tonsillar  mucous  membranes 
of  healthy  subjects  (e.g.,  see  Davis,  1920).  It  is  equally  indisputable  that 
those  bacteria  may  under  appropriate  circumstances  become  the  active  agents 
of  infection,  local  or  generalized.  We  believe  that  exposure  to  cold  maj^  be  one 
such  exciting  factor  of  infection.  We  have  shown  also  that  chilling  of  the  body 
surface  causes  a  reflex  vasoconstriction  and  ischemia  in  the  mucous  membranes 
of  the  nasal  cavity,  postnasal  space,  oropharynx,  palate  and  tonsils.  That  the 
latter  is  the  mechanism  by  which  local  resistance  is  lowered  and  infection  ex- 
cited we  have  not  proved.  However,  there  would  seem  to  be  justification  for 
advancing  tentatively,  at  least,  the  hypothesis  that  the  ischemia  may  mediate 
the  infection.  Jonathan  Wright  in  the  course  of  a  discussion  of  the  etiology  of 
acute  upper  respiratory  infection  (1914,  p.  295),  the  most  scholarly  the  writer 
has  anywhere  found,  says: 

"It  may  well  be,  as  has  been  admitted,  tliat  certain  bacteria  are  at  once  patliogenie 
when  they  reach  the  mucous  membrane.  Indeed,  this  seems  very  probable  when  they  reach  the 
mucous  membranes  of  certain  individuals.  It  may  well  be  that  such  individuals  always  present, 
owing  to  systemic  states,  conditions  of  the  mucosa  which  offer  an  ever-open  avenue  to  in- 
fection; but  granting  all  this,  which  indeed  is  in  reality  a  part  of  our  conception  of  the 
mechanism  of  the  process,  it  seems  extremely  likely  that  local  biochemical  change,  dependent 
upon  molecular  activities  acting  through  the  sympathetic  nervous  system,  is  the  antecedent 
in  the  majority  of  cases  of  bacterial  infection.  This  molecular  disturbance  of  the  normal 
activities  of  the  sympathetic  nerves  ma}'  be  set  up  by  external  or  internal  agencies,  liy  the 
chilling  of  the  body  surfaces,  or  by  derangements  in  the  activities  of  the  internal  organs. 
Owing  to  the  fact  that  wet  feet  and  the  chilling  of  distant  regions  of  the  surface  of  the  body 
are,  at  least  in  clinical  experience,  quite  as  frequently  followed  by  coryzas  and  sore  throats 
as  the  direct  impact  of  such  external  influences  upon  the  head  and  neck,  we  have  the  right 
to  infer  that  the  shock  at  the  surface  must  be  transferred  to  internal  ganglia  and  there 
translated  into  impulses  which  are  carried  to  the  surfaces  of  the  mucosa  of  the  upper  air 
passages.  There  tlicy  give  rise  to  the  cliain  of  biophysical  and  biochemical  changes  which 
may  simply  result  in  a  mild  coryza  or  a  catarrhal  pharyngitis,  the  resolution  of  which 
terminates  the  chain,  or  those  conditions  may  be  in  themselves  the  starting  point  of  bacterial 
invasion. " 

III  the  in.sufficient  light  of  jn-cscnt  knowledge,  it  would  seem  not  improbable 
that  the  ischemia  incident  on  culaneous  cliilliiig,  by  decreasing  cell  respiration, 
or  by  retai'ding  removal  of  the  products  of  cell  metabolism,  or  by  increasing  the 
permeability  of  the  epithelial  cell  surfaces  to  the  bacterial  products,  or  by  de- 
creasing the  local  supply  of  specific  antibodies,  or  by  altering  the  media  in  the 
tonsillar  crypts  and  folds  of  the  pharyngeal  mucosa  in  which  the  bacteria  are 
living,  or,  especially  when  accompanied  by  direct  cliilling  of  the  mucous  mem- 
branes, by  altering  the  state  of  aggregation  of  the  colloids  of  the  protoplasm 
(Scliade,   1920)    or  ])y  a  combination   of  these   factors,  might   affect   the   local 
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change  postulated  by  Wright  and  thns  so  disturb  the  equilibrium  between  host 
and  parasite  as  to  excite  infection.  "We  here  use  the  term  "infection"  as  de- 
noting a  process  separable  from  that  of  invasion  or  penetration  of  the  bacteria 
into  or  through  the  mucosa.  For  study  of  tonsils  in  the  early  stages  of  infec- 
tion has  usually  shown  the  crypts  swarming  with  bacteria  with  none  demon- 
strable beneath  the  mucosa  surface  (Wright  and  Smith,  1914,  p.  291 ;  Wright 
1907;  Goodale  1899).  There  is  much  collateral  evidence  to  support  the  hypothe- 
sis of  Wright  that  a  factor  other  than  am'  of  those  suggested  above;  namely, 
the  surface-tension  relations  of  bacteria  and  mucosa  cell  surfaces  (1909)  enters 
into  the  determination  of  penetration  or  nonpenetration  of  bacteria  through 
the  mucosffi.    This  hypothesis  certainlj^  deserves  experimental  investigation. 

The  demonstration  that  cutaneous  chilling  causes  reflex  vasoconstriction 
and  ischemia  in  the  nasal  cavity,  nasopharynx,  oropharynx,  tonsils  and  palate 
at  least  furnishes  a  new  and  correct  point  of  departure  for  future  investigation, 
to  rejjlace  the  former  false  assumption  of  congestion. 

That  the  mechanism  we  have  elucidated  is  the  only  one  concerned  in  excit- 
ing the  acute  cold  it  would  be  obvious  folly  to  believe.  The  conditions  de- 
termining the  equilibrium  between  host  and  parasite  in  the  tonsillar  crypts  and 
folds  of  the  pharyngeal  mucosa  must  be  so  extremely  complex  that  many  differ- 
ent factors  are  capable  of  disturbing  it  either  in  the  direction  of  proliferation 
of  the  parasites  and  infection  or  of  their  annihilation. 

A  mechanism  perhaps  more  often  responsible  than  ours  for  the  acute  ' '  cold 
ha-s  been  elucidated  by  Leonard  Hill  and  F.  F.  Muecke  (1913).  These  workers 
found  that  in  hot  moist  crowded  rooms,  such  as  ill-ventilated  theatres  or  meeting 
halls,  the  mucous  membranes  over  the  turbinate  bones  and  nasal  septum  swell, 
become  turgid  with  blood  and  tissue  lymph,  and  covered  with  a  thick  secretion. 
In  such  crowded  places  massive  droplet  infection  is  likely  to  occur.  On  going 
out  into  cold,  moist,  outer  air,  the  blood  vessels  constrict  and  the  nasal  mucous 
membrane  is  chilled  but  remains  swollen  with  tissue  Ij-mph.  These  authors 
believe — and  certainly  with  apparent  .justifieation — that  this  latter  condition  of 
the  nasal  mucous  membrane  affords  a  suitable  condition  for  bacterial  prolifera- 
tion. They  find  that  the  dangerous  j^rimarj'  passive  congestion  is  much  less  if 
the  air  in  the  room  is  kept  circulating  and  is  not  overheated. 

The  monograph  of  Leonard  Hill  (1919)  especially  urges  the  importance 
in  causing  colds  of  contagion  and  of  the  unnatural  conditions  of  indoor  life, 
where  bodily  vigor  is  not  maintained  by  adequate  outdoor  exercise,  crowding 
favors  massive  infection  from  those  already  actively  infected  and  from  carriers, 
and  overheating  of  the  atmosphere  at  head  level  causes  passive  congestion  of 
the  nasal  mucous  membrane  and  predisposes  to  infection.  In  Hill's  monograph 
is  to  be  found  detailed  discussion  also  of  the  effects  on  the  respiratory  membrane 
of  altered  respiration  and  of  changes  in  temperature  of  the  inspired  air,  as  dis- 
tinguished from  the  phenomena  we  have  been  especially  studying,  namely,  the 
reflex  effects  on  the  mucous  membrane  circulation  of  chilling  the  body  surface 
without  altering  the  quality  of  the  inspired  air.  The  effect  of  physical  exertion 
(without  excessive  fatigue,  of  course)  in  increasing  respiration  and  hence  trans- 
udation of  liquid  through  the  respiratory  membrane,   is  emphasized  by  HiU 
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as  a  valuable  factor  in  the  prevention  of  initiation  of  infection  of  the  respira- 
tory membrane. 

It  should  be  clearly  borne  in  mind  that  the  factors  of  coniagion  and  of 
(/( iicral  hodily  health  are  probably  of  considerably  greater  importance  to  pre- 
ventive medicine  and  the  welfare  of  the  community  than  the  effects  of  chilling- 
of  the  body  surface. 

We  would  reiterate  also  in  order  to  minimize  any  possiblity  of  misunder- 
standing. We  are  concerned  in  our  experiments  with  excessive  chilling  of  the 
body  surface,  which  like  overdosage  of  a  useful  drug,  we  believe  may  have  ill 
effects.  Certainly  we  would  not  encourage  the  unreasoning  fear  of  drafts  and 
exposure  so  often  encountered.  Good  ventilation  and  circulating  air  in  build- 
ings, cold  weather,  and  out-of-door  living  are  needed  for  vigorous  health ;  many 
people  are  unquestionabl.y  benefited  by  cold  bathing.  But  excesses  in  this  direc- 
tion should  also  be  avoided. 

We  are  now  in  a  position  to  outline  an  explanation  for  the  annual  cold- 
weather  increase  in  incidence  of  upper  respiratory  diseases,  which,  although  ad- 
mittedly incomplete  and  in  part  speculative,  would  yet  seem  to  fit  well  the 
known  facts.  With  the  beginning  of  cold  weather,  cessation  of  summer  and 
autumnal  out-of-door  life,  and  beginning  of  hot  air  and  steam  heating,  condi- 
tions of  living  for  the  average  American  and  European  become  less  favorable 
to  general  health  and  resistance.  Opportunities  for  excitation  of  autoinfeetion 
by  prolonged  or  excessive  chilling  become  more  frequent,  as  do  those  for  cross- 
infection  in  crowded  ears  and  meeting  places,  where  mucous  membranes  are 
rendered  more  susceptible  to  infection  by  the  close,  hot  atmosphere  (Hill  and 
Muecke,  1913).  As  the  bacteria  gain  foothold  and  multiply  on  one  after  an- 
other susceptible  mucous  membrane  it  is  in  harmony  with  known  immunologic 
facts  to  .suppose  that  they  tend  to  increase  in  virulence  and  so  add  another 
factor  to  the  general  tendency  to  increased  prevalence  of  respiratory  infection. 
With  moderation  of  the  weather  and  return  to  out-of-door  life  in  the  spring,, 
aided  possibly  by  some  as  yet  unknown  cyclic  or  other  change  in  the  bacterial  in- 
vaders, we  would  expect  the  annual  decline  in  prevalence.  (Jour.  Am.  Med. 
Assn.,  1920,  Ixxv,  1500.) 

How  practically  to  escape  respiratory  infection  in  so  far  as  possible?  Lead 
a  vigorous  and  healthful  life  with  adequate  sleep,  food,  exercise  and  fresh  air. 
Bathe  daily.  Keep  the  houses  sufficiently  warm  to  be  comfortable,  but  not,  as 
most  American  houses  are  in  winter,  overhot  and  overdry.  Avoid  contagion 
from  infected  persons,  remembering  that  respiratory  diseases  are  communicated 
chiefly  through  droplets  of  mucus  sprayed  into  the  air  through  coughing,  sneez- 
ing or  speaking.  Avoid  excessive  irritation  of  the  mucous  membranes  by  to- 
bacco smoke  or  other  vapors.  Avoid  prolonged  or  excessive  chilling.  Avoid 
crowding  in  hot  atmospheres.  Obstructions  to  breathing  or  foci  of  infection  if 
present  should  of  course  be  removed.  Some  degree  of  "hardening"  to  exposure, 
graded  and  adapted  to  the  needs  of  the  individual,  we  believe  is  po.ssible,  and  of 
the  greatest  service.  As  one  valuable  factor  in  this  pi'ocess,  one  of  us  at  least 
after  some  eight  years  trial  is  convinced  of  the  efficacy  in  his  own  case  of  a 
daily  morning  shower  bath  with  warm  water  concluded  with  a  few  minutes  of 
very  cold  water. 
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IV.    ANAPHYLACTIC  "  COLDS  " 

The  discussions  of  vasomotor  rhinitis  and  of  asthma  iu  the  majoritj-  of  the 
current  texts  will  have  to  be  entirely  rewritten.  The  rescue  of  these  affections 
from  the  nebulous  province  of  diatheses  and  neuroses,  their  establishment  upon 
a  definite  and  sound,  if  not  wholly  complete,  etiologie  and  therapeiitie  basis, 
makes  up  one  of  the  chapters  of  modern  experimental  medicine  upon  which 
one's  imagination  lingers  with  most  satisfaction.  Since,  however,  thoroughly 
modern  and  adequate  treatments  of  this  subject  are  available  (v.  Goodale,  1918, 
and  "Walker,  1919)  they  will  not  be  further  discussed  here  beyond  pointing  out 
a  subgroup  of  cases  recently  come  within  the  experience  of  workers  in  the 
field,  which  simulate  recurrent  common  acute  colds. 

I  cannot  do  better  than  quote  briefly  from  Dr.  Walker  (1919,  p.  146)  : 

' '  It  is  not  at  all  uncommon  for  some  patients  to  complain  of  what  they  call  hay  fever 
symptoms  or  very  frequent  head  colds  throughout  the  year.  Since  this  kind  of  case  seeks 
aiu  from  the  nose  specialist,  who  terms  the  condition  vasomotor  rhinitis,  the  internist  sees 
little  of  the  condition,  and  even  when  the  internist  does  see  the  case  first  he  immediately 
refers  it  to  the  nose  specialist.  In  the  future,  however,  such  eases  should  be  tested  for  sensiti- 
zation to  proteins.  Not  infrequently  are  the  emanations  of  animals  the  cause  of  these  aU 
the  year  hay  fever  symptoms.  Horse  hair  dandruff  and  eat  hair  are  frequently  the  cause  of 
these  spasmodic  attacks  of  hay  fever,  whicJi  last  a  few  minutes  to  a  few  hours  or  even  a  day 
or  two,  and  in  such  instances  the  patient  gives  a  positive  skin  test  with  the  proteins  of  the 
hair.  Less  often  the  injection  of  various  foods  causes  spasmodic  attacks  of  short  duration 
simulating  hay  fever.  True  seasonal  pollen  cases  frequently  complain  of  frequent  head  colds 
throughout  the  year  and  these  head  colds  closely  simulate  short  attacks  of  hay  fever.  In 
some  of  these  pollen  cases  the  sensitization  serves  to  permanently  render  the  mucous  mem- 
branes extremely  sensitive  and  irritable,  so  that  sudden  temperature  changes,  drafts,  odors, 
and  dust  particles,  are  sufScient  to  produce  symptoms,  in  other  pollen  cases  bacteria  seem  to 
be  the  cause. ' ' 

See  also  Goodale  (1916),  Floyd  (1920),  and  Walker  (1920).  The  im- 
portant point  here  for  the  laryngologist,  internist  and  pediatrist  to  remember  is 
that  frequently  recurring  "colds"  may  have  protein  sensitization  as  their  basis 
and  to  be  iu  readiness  to  do  the  skin  tests  when  indicated. 

v.    ACUTE  INFLAMMATION  DUE  TO  SYSTEMIC,  TOXIC  AND  NEUROTIC  FACTORS,  TO 
MECHANICAL    AND    CHEMICAL    IRRITATION,    TO    EXTREME    LOW    TEMPERA- 
TURES, AND  TO  NASAL  OBSTRUCTION 

A  discussion  of  the  etiology  of  acute  inflammatiou  of  the  nose,  throat  and 
tonsils  should  at  least  give  passing  mention  to  various  inflammatory  conditions 
of  the  upper  respiratory  tract  associated  with  more  general  affections.  Acute 
rhinitis  occurs  as  a  local  prodromal  symptom  of  influenza,  measles,  scarlatina, 
whooping  cough,  enteric  typhus,  small-pox,  chicken-pox,  secondary  or  congeni- 
tal syphilis  and  glanders.  (Thomson,  1913,  p.  113.)  Similarly  for  acute 
pharyngitis.    Diphtheritic  and  gonorrlieal  rhinitis  occur ;  also  that  of  eiysipelas. 

Acute  upper  respiratory  inflammations  may  be  set  up  in  those  exposed  to 
local  irritants,  as  millers,  furriers,  sawyers,  tobacco-workers,  ivory  and  steel 
turners,  and  decorators,  or  (Sehade,  1920)  when  the  mucous  membranes  are 
exposed  to  extreme  low  temperatures.  Locally  the  vapors  of  formalin,  the 
halogens,  ammonia  and  the  fuming  mineral  acids  and  dust  and  coal  and  tobacco 
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smoke  may  give  rise  to  them.  A  destructive  form  of  rhinitis  may  occur  in 
workers  in  bichromate  of  potash,  mercury,  arsenic  or  osmic  acid.  Acute  phar- 
yngitis not  infrequently  follows  traumatism,  as  the  swallowing  of  hot  fluids, 
corrosives,  hot  condiments,  raw  spii-its,  and  the  impaction  of  foreign  bodies.  It 
may  be  induced  by  operations  on  the  pharynx  with  much  sponging  or  traction 
on  the  tissues,  e.g.,  enucleation  or  morcellement  of  the  tonsils.  Secondary 
infection  may,  of  course,  aggravate  any  such  primary  condition. 

Acute  mucous  membrane  inflammation  may  occur  in  connection  with  the 
administration  of  certain  drugs,  as  potassium  iodide,  arsenic,  mercury  and 
antimonj-. 

Acute  rhinitis  "is  predisposed  to  by  all  obstructive  affections  of  the  nose 
and  postnasal  space.  Chronic  hypertrophic  rhinitis,  deformities  of  the  septum, 
polypi  and  chronic  empyemata  conduce  to  the  contraction  and  exacerbation  of 
acute  nasal  catarrh ;  and  frequent  and  persistent  rhinitis  in  children  is  gener- 
ally due  to  nasopharyngeal  adenoids.  Indeed,  a  large  majoi'ity  of  children 
who  are  reported  to  be  always  catching  a  'cold  in  the  head'  will  be  found  to 
possess  inflamed  or  overgrown  pliai-yngeal  tonsils."     (Thomson,  ibid.) 

A  vasomotor  turgescence  of  the  nasal  mucous  membrane  may  originate  in 
certain  individuals  from  some  reflex,  such  as  chilling  of  the  feet,  sudden  ex- 
posure to  bright  light  or  damp  air,  inhalation  of  vitiated  air,  gastric  disorder, 
or  sexual  irritation. 

VI.     CONCLUSIONS 

The  following  causes  of  acute  inflammation  of  the  pharynx,  tonsils  and 
nose  are  recognized  in  the  present  dissertation : 

1.  The  filterable  virus  of  Kruse  and  Foster,  inducing  apparently  a  clinical 
entity,  a  type  of  acute  coryza.  According  to  the  exjieriments  of  its  discoverers, 
this  is  of  relatively  high  virulence  and  may  cause  infection  practically  inde- 
pendently of  the  action  of  exciting  factors. 

2.  Various  bacteria,  including  the  Pneumococcus,  Streptococci,  B.  rhinitis, 
B.  diphtheriie,  Friedlander's  bacillus,  B.  iufluenziE,  and  probably  also  M.  ea- 
tarrhalis,  B.  septus,  M.  paratetragenus,  S.  aureus,  and  possibly  others  seem  to 
be  capable  of  inducing  infection  of  variable  extent,  duration  and  symptomat- 
ology. The  relative  virulence  of  the  microorganisms  also  varies  within  wide 
limits — both  between  themselves  and  from  time  to  time  in  the  same  organism — 
in  some  instances  high,  infectious  of  epidemic  proportions,  largely  independent 
of  exciting  factors,  may  be  produced;  in  other  instances  low,  sporadic  infec- 
tion may  occur  only  when  some  factor  or  factors  serve  to  depress  resistance, 
general  or  local,  to  the  point  of  vulnerability. 

3.  Pi'Otein  sensitization,  the  basis  of  vasomotor  rhinitis  and  of  true  bron- 
chial asthma,  the  underlying  cause  also  of  a  relatively  inrre(iuent  sub-group  of 
acute  recurrent  "colds." 

4.  Various  systemic  diseases,  drugs,  mechanical  and  cheniical  irritants, 
clironic  nasal  affections  and  reflex  neuroses. 

One  factor  by  which  resistance  to  liaeterial  iiifcclioii  nuiy  be  lowered  is 
excessive  chilling. 

Experiments  by  many  workers  have  shown  that  animals  whose  blood  tem- 
perature is  lowered  may  have  decreased  resistance  to  infection.    This,  however. 
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is  probably  not  the  meelianism  by  which  chilling  excites  the  common  upper 
respiratory  infections  in  man. 

Experiments  have  shown  that  chilling  of  the  body  surface  of  animals  causes 
congestion  of  many  internal  organs.  Reasoning  from  a  faulty  analogy,  the 
theory  has  been  evolved  and  made  widely  current  that  similar  congestion  occurs 
in  the  upper  respiratory  mucous  membranes  of  man  when  chilled,  and  is  re- 
sponsible for  the  local  lowering  of  resistance.  However  the  work  of  the  present 
authors  has  shown  that  the  opposite  is  true,  namely,  that  chilling  of  the  body 
surface  causes  reflex  vasoconstriction  and  ischemia  in  the  mucous  membranes 
of  the  nasal  cavity,  postnasal  space,  and  palate,  oropharynx,  nasopharynx  and 
palatine  tonsils.  It  seems  not  improbable  that  the  ischemia  may  be  the  means 
of  lowering  local  resistance.  In  other  instances  the  mechanism  of  Hill  and 
Muecke,  i.  e.,  crowding  in  overheated  places  followed  by  emergence  into  a  cold 
atmosphere,  is  doubtless  responsible  for  colds. 

During  the  course  of  the  experiments  by  which  the  vasoconstrictor  reaction 
to  chilling  has  been  demonstrated,  some  ten  cases  of  cold  or  sore  throat,  usually 
mild,  have  appeared  among  the  subjects.  In  a  number  of  instances  the  clinical 
sj'mptoms  were  accompanied  l\v  interesting  bacterial  changes. 

It  is  a  pleasure  to  thank  the  friends  without  whose  generous  aid  as  sulijeets 
much  of  the  present  work  would  not  have  been  possible. 
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THE  RELATION  OF  PATHOLOGISTS  TO  THE  INSTITUTIONAL  PRAC- 
TICE OF  MEDICINE* 


>Y  "Wm.  Carpenter  Mac( 'arty,  M.l)..  ^Iayo  Clixic,  Rochester.  ^^Iixxesota 


THE  jDaper  is  presented  to  this  body  of  scientists  as  one  of  a  series  which 
has  the  following-  objects: 

1.  To  show  pathologists  (including  bacteriologists,  serologists.  immunol- 
ogists,  and  other  workers  in  pathology)  the  economic  part  Avhich  they  shonld 
play  in  the  practical  consideration  of  patients. 

2.  To  show  clinicians  that  laboratory  investigators  can.  and  sometimes 
do.  play  an  important  role  in  the  practice  of  medicine. 

3.  To  assist  in  bridging  the  gap  which  now  exists  between  what  has  been 
called  pure  science  and  its  practical  application  to  patients. 

4.  To  suggest  the  great  probability  that  some  of  the  most  important  fields 
of  scientific  research  may  be  found  in  direct  connection  with  the  study  of 
patients. 

5.  To  relieve  the  minds  of  young  aspirants  in  research  from  the  concep- 
tion tliat  the  most  fundamental  research  must  of  necessity  be  carried  on  in  iso- 
lated research  institutions. 

The  following  facts  have  lieen  the  stimuli  for  this  series  of  reports: 

1.  Intimate,  valuable  correlation  of  laboratory  and  clinical  facts  and  meth- 
ods is  being  practiced  in  some  large  medical  aud  surgical  clinics. 

2.  Such  correlation  is  unfortunately  rare  ou  a  large  and  significant  scale 
in  most  large  and  small  hospitals  throughout  the  country. 

3.  There  is  a  demaud  for  such  correlation  l)ecause  the  writer  weekly  re- 
ceives letters  from  ho.spitals  requesting  aid. 

4.  There  is  a  great  dearth  of  pathologists  to  fill  these  positions,  a  fact 
which  is  leading  practical  clinicians  to  have  girls  trained  to  do  laboratory  work 
under  their  own  imperfect  direction. 

5.  The  Avriter  has  seen  much  iuefficieut  laboratory  work  by  poorly  and 
inefficiently  trained  girls  and  interns.  The  work  of  many  such  poorlj-  trained 
workers  discredits  a  science  which  you  and  I  desire  to  see  maintain  its  high 
place  of  true  usefulness. 

6.  Many  professors  of  pathology  throughout  this  country  manifest  a  lack 
of  interest  and  an  abundance  of  indifference  in  the  practical  application  of 
their  science  to  clinical  practice. 

Table  I  shows  what  is  being  done  by  one  institution  in  the  ajiplication  of 
laboratory  methods  to  the  practice  of  medicine. 

It  may  be  seen  that  each  patient  averaged  3.72  laboratory  reports,  each 
of  which  usually  entails  many  examinations  or  tests. 


•Presented   before   the    American    Association    of   Bacteriologists   and    Pathologists,    Xcw    York,   April, 
1920. 
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Table  I 

IiABORATOKY  EXAMINATIONS   OF   60,645   PATIENTS 

Determinations  of  the  basal  metabolic  rate  5,650 

Gastric   analyses 11,946 

Other  clinical  laboi'atory  tests 192,739 

Electrocardiographic    records 2,021 

Fresh  tissue  examinations   12,964 

Necropsies 465 

Laboratory  reports  225,785 

Niuety-nine  and  two-tenths  per  cent  of  the  patients  were  alive  when  the 
examinations  were  made ;  examinations  were  made  on  0.8  per  cent  at  necropsy, 
and  97.7  per  cent  of  the  patients  were  living  at  the  time  the  reports  were  made. 

These  data  actually  show  what  the  active  pathologist  can  do  and  is  doing 
in  the  practice  of  medicine.  It  would  be  impossible,  at  present,  to  state  what 
percentage  of  patients  was  actually  benefited  by  these  examinations,  but  it 
may  be  stated  accurately  that  all  reports  had  positive  or  negative  value  in 
establishing  a  diagnosis  and  that  the  diagnosis  governs  the  therapeutic  meas- 
ures. The  functions  of  the  pathologists  who  were  responsible  for  the  225,785 
reports  may  be  divided  as  follows: 

1.  Confirmation  of  diagnoses,  of  which  the  clinician  might  have  had  some 
suspicion. 

2.  The  diagnosis  of  conditions  which  the  clinician  did  not  suspect. 

3.  The  recognition  of  accessory  pathologic  conditions. 

4.  The  correction  of  clinical  diagnoses. 

5.  The  confirmation  of  positive  clinical  diagnoses. 

6.  The  determination  of  stages  in  the  course  of  disease. 

7.  The  determination  of  the  physical  status  of  the  patient  preparatory  to 
possible  operation  or  other  treatment. 

8.  Assistance  in  determining  the  extent  of  operations. 

9.  Determination  of  data  for  preoperative,  operative  and  postoperative 
prognosis. 

10.  Determination  of  the  cause  of  death  in  nonsurgical  and  in  surgical 
cases. 

11.  Dctci'iiiination  of  the  cause  of  death  due  to  incorrect  medical  or  sur- 
gical judgment. 

12.  Determination  of  the  cause  of  death  resulting  from  incorrect  opera- 
tive technic. 

13.  Assistance   in   determining  causes  and  modes   of   surgical  infections. 

14.  Assistance  in  clinical,  surgical,  and  laboratory  res(\nrch. 

15.  The  actual  treatment  of  disease. 

I  shall  not  attempt  to  analyze  the  relation  to  the  patient  of  metabolic 
rates,  gastric  analyses,  electrocardiographic  records,  bacteriologic  and  sero- 
logic examinations  herewith  presented.  Tliis  must  lie  left  for  some  future 
time.  But  there  is  one  field  in  pathology  worthy  of  consideration  in  detail 
and  one  with  which  I  am  more  intimately  familiar,  that  is,  the  field  of  tissue 
pathology.     Most  pathologists  study  material  at  neerospy  and  hence  see  end 
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results;  some  have  occasion  to  examine  tissue  from  living  patients  for  diag- 
nostic purijoses.  It  is  this  group  of  pathologists  in  whom  I  am  at  present  es- 
pecially interested  because  most  of  them  are  not  pursuing  their  vocation  to 
the  fullest  extent  of  their  practical  capacity.  They  are  pathologists  but  they 
are  not  clinicians  practicing  pathology  as  a  specialty  in  association  with 
patients.  This  field  of  possible  activity  of  such  pathologists  is  illustrated  in 
Table  II. 

Table  II 
SPEcniENS  OP  Tissue  E.xamined  Duking  24,368  Operatioxs 


SPECIMEN'S 

DIAGNOSIS   POSSIBLE    ONLY 

WITH 

A    MICROSCOPE 

HOSPITAL 

A   (gexeral  surgery) 

Breast 

280 

18 

(  6.2  per  cent) 

Extremities 

118 

20 

(16.0  per  cent) 

Gall  bladder 

1,086 

0 

GenitourLiiary  organs 

486 

33 

(   6.7  per  cent) 

Head 

3.-? 

17 

(51.0  per  cent) 

Intestines 

249 

32 

(12.0  per  cent) 

Lip  and   glands 

44 

6 

(13.0  per  cent) 

Keck 

259 

54 

(20.0  per  cent) 

Stomach 

191 

61 

(31.0  per  cent) 

Thyroid 

1,638 

4 

Trunk 

153 

31 

(20.0  per  cent) 

Uterus    (portion) 

165 

11 

(  6.0  per  cent) 

Uterus    (entire) 

65.3 

21 

(  3.0  per  cent) 

Tubes 

625 

4 

Ovaries 

601 

5 

Parovarian   cysts 

75 

0 

Specimens  for  diagnosis 

4.32 

207 

(47.0  per  cent) 

HOSPITAL 

B  (general  surgery) 

General  specimens 

2,635 

461 

(21.0  per  cent) 

HOSPITAL 

C    ( 

;eYE,    XOSE,    AXD    THFJ)AT) 

Diagnostic  specimens 

461 

432 

(93.0  per  cent) 

CLINICAL   OFFICES 

Diagnostic  specimens 

586 

558 

(95.0  per  cent) 

Twelve  thousand  nine  hundred  sixty-four  fresh  tissue  examinations  showed 
that  21.3  per  cent  of  all  registered  patients  (60,645)  presented  surgical  speci- 
mens. More  than  40  per  cent  of  all  the  registered  patients  came  to  operation 
and  more  than  57  per  cent  of  all  patients  operated  on  furnished  pathologic 
specimens. 

Diagnosis  of  many  pathologic  conditions  can  be  made  before  operation; 
some  can  be  diagnosed  during  surgical  exploration  before  tissues  are  removed ; 
and  still  more  can  be  diagnosed  grossly  after  tissues  are  dissected  and  removed ; 
but  there  is  a  certain  percentage  which  cannot  be  diagnosed  positively  grossly 
and  must  be  submitted  to  microscopic  examination.  This  method  of  diagnosis 
was  of  necessity  applied  to  15.2  per  cent  of  all  specimens  in  the  series,  al- 
though the  percentage  varies  from  15  per  cent  to  25  per  cent  from  year  to  year. 
The  total  percentage  not  only  varies  but  the  percentage  on  different  organs 
and  tissues  varies  from  year  to  year.    However,  in  a  series  of  records  covering 
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30,130  specimens  fi-dui   all  sources,  21  iwr  cent   wei'e   of  necessity  examined 
microscopically. 

The  real  value  to  the  patient  cannot  be  seen  from  this  total  percentage, 
but  may  best  be  seen  from  examining  the  character  of  certain  special  examina- 
tions. Thus  it  may  be  seen  that  2,279  specimens  (series  of  800,  432,  586,  and 
461,  respectively)  weve  removed  for  diagnostic  purposes,  which  means  that 
3.7  per  cent  of  all  registered  patients  received  one  form  of  direct  preoperative 
and  operative  aid  from  the  tissue  pathologist.  While  this  is  perhaps  the  most 
important  function  from  the  standpoint  of  the  patient,  the  act  of  picking  up 
incorrect  clinical  and  surgical  diagnoses  during  operation  is  of  just  as  great 
importance.  This  function  will  be  considered  in  a  future  paper.  Sufficient 
data  are  already  at  hand  to  jiistify  the  statement  that  incomplete  operations 
and  incorrect  prognoses  are  avoided  by  virtue  of  the  activity  of  a  clinical 
pathologist  working  in  conjunction  with  appreciative  surgeons  who  lay  no 
claim  to  being  either  great  macroscopic  or  microscopic  diagnosticians.  The 
clinician's  diagnostic  efficiency  has  already  been  described  in  another  article 
of  this  series.  It  Avas  seen  in  a  comparative  study  of  clinical  preoperative  in- 
structions and  pathologic  findings  that  the  clinician  is  correct  in  95  per  cent 
of  eases  when  he  makes  positive  diagnoses,  but  experience  has  taught  him  that 
positive  diagnoses  are  frequently  dangerous,  detrimental  to  his  reputation, 
and  productive  of  injustice  to  the  patient.  While  this  percentage  is  high,  it 
has  been  pointed  out,  for  example,  that  22  per  cent  of  all  carcinomas  of  the 
breast  seen  in  the  surgical  laboratory  are  actually  discovered  bj-  the  pathol- 
ogist and  that  when  the  clinician  makes  a  questionable  diagnosis  of  a  malig- 
nant condition  in  the  breast  he  is  correct  in  49  per  cent  of  the  cases  in  so  far 
as  malignancy  is  concerned.  Thus  it  may  be  seen  that  the  tissue  pathologist 
has  a  great  function  which  he  is  capable  of  exercising,  and  that  microscopy  is 
just  as  essential  to  clinical  diagnosis,  in  practice,  as  in  auscultation,  palpation, 
and  other  methods  of  physical  examination.  It  is  not  only  an  accessory,  it 
is  an  essential.  Therefore,  the  expert  microscopist  is  an  essential  factor  in 
clinical  diagnosis. 


LABORATORY  METHODS 


THE  DIAGNOSIS  OF  TYPHOID  AND  PARATYPHOID  INFECTIONS^: 


By  Henry  J.  Goeckel,  Phm.D.,  Craxford.  X.  J. 

TN  a  previous  paper^  attention  was  called  to  the  early  diagnosis  of  typhoid 
-■-  and  paratyphoid  infections  by  the  identifieation  of  the  bacteria  in  the  nrine 
with  high  titer  agglutinating  serum.  The  agglutinating  method  was  first 
used  in  an  attempt  to  determine  if  motile  rod  bacteria,  frequently  encountered 
in  urine  with  pus,  were  of  the  typhoid-colon  group,  without  resorting  to  cul- 
tural methods.  The  diagnostic  value  soon  became  apparent.  Since  the  last 
publication  the  method  has  been  applied  successfully  in  ways  not  anticipated 
at  that  time. 

The  cases  previously  cited  indicate  that  the  blood  count  if  relied  on  to 
A'erify  the  phj-sical  diagnosis  is  at  times  very  misleading,  especially  when  the 
AVidal  reaction  is  negative. 

The  classic  Widal  reaction  is  today  a  questionable  test  on  which  to  rest 
a  diagnosis  of  typhoid  infection,  as  is  done  by  many  physicians.  Beside  the 
late  appearance  of  a  positive  blood  test  in  mam-  cases,  it  has  in  recent  years 
been  demonstrated  that  homologous  agglutinins  not  only  exist  for  all  the  mem- 
bers of  the  typhoid-colon  group  of  bacteria,  but  likewise  for  these  and  for 
gonocoeci. 

We  must  also  take  into  consideration  that  there  are  probably  ten  million 
people  in  the  United  States  who  either  through  typhoid  infection,  or  by  pro- 
phylactic immunization  have  developed  or  been  sensitized  to  agglutinin  pro- 
duction. This  agglutinin  production  persists  over  long  periods  of  time.  Con- 
sequently we  are  liable  to  get  a  positive  Widal  reaction  in  low  dilutions  of 
serum  where  an  active  typhoid  infection  is  not  present,  thereby  possibly  mis- 
leading rather  than  aiding  in  the  diagnosis. 

It  has  likewise  still  to  be  shown  whether  a  gonococcic  infection  can  reac- 
tivate or  bring  about  an  increased  production  of  the  homologous  agglutinins 
in  a  typhoid-paratyphoid  sensitized  person  when  a  gonococcic  infection  exists. 
This  is  being  investigated  by  one  of  our  staff. 

In  the  dilutions  of  the  high  titer  agglutinating  serum  employed  no  cross 
fixation  is  obtained.-  This  has  been  demonstrated  on  pure  cultures  and  vari- 
ous mixtures  of  the  same  by  the  writer. 

•From    the  Clinical   and    PathoIog..al   Laboratory   of    Muhlenberg   Hospital,    Plainfield,    K.   J. 
"Goeckel,  H.  J.:     Jour.    Lab.  and   Clin.  Med.,  January,   1920,  v,   No.   4. 

=Titer  of  serum  employed  was  typhoid,  1-5000;  paratyphoid  A  and  B,  each  1-10,000;  B.  coli,  1-2000. 
These  were  used  respectively   in   1-2500,   1-5000  and   I-IOOU  dilutions. 
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I  have  recently  emi)loyed  this  method  on  the  bacteria  of  fresh  feces  from 
suspected  cases.  A  selected  particle  of  the  feces  was  suspended  in  physio- 
logic salt  solution,  thoroughly  agitated  to  break  up  all  clumps.  Solid  mate- 
rial -was  allowed  to  settle  and  the  bacterial  suspension  was  diluted  to  the 
usual  turbidity  employed  for  the  liaiiging-drop  Widal  test. 

In  one  of  the  two  feces  examined  a  recognizable  clumping  and  inhibition 
of  motility  for  typhoid  bacilli  was  given,  and  in  the  other  for  paratyphoid, 
type  B.  A  dense  clumping  was  secured  in  each  case  with  the  baccillus  coli 
agglutinating  serum  and  none  with  the  paratyphoid,  type  A.  serum.  This  ap- 
plication apparently  affords  another  ready  means  of  recognizing  the  presence 
of  such  bacteria  in  case  no  blood  or  urinary  bacteriemia  is  found  at  the  time 
of  examination.  It  likewise  atfords  a  means  for  promptly  passing  on  the 
bacterial  content  of  the  feces  in  convalescing  cases,  making  many  of  the 
bothersome  cultural  examinations  unnecessary. 

The  following  case  history  shows  that  a  typhoid  bacteriemia  can  be  found 
in  the  circulating  blood  and  in  the  urine  at  the  same  time  in  an  acute  typhoid 
infection : 

Child,  L.  M.,  (Dr.  W.  M.)  May  27,  1019,  aged  sixteen  months.  Throat  swab  and  cul- 
ture show  a  few  staphylococci. 

Blood. — Hemoglobin  69  per  cent,  index  0.622 ;  red  cell  count  5,580,000 ;  white  cell  count 
4,800,  polymorphonuclear  leucocytes  43  per  cent;  eosinophiles  2  per  cent,  azurephiles  1  per 
cent;  lymphocytes  40  per  cent  (large  30  per  cent,  small  10  per  cent).  Bed  cells  normal  except 
for  hemoglobin  content.  Noticeable  number  of  gram-negative  rod  bacteria  present  on  the 
blood  sUdes. 

Urine. — Acid,  distinct  trace  of  albumin,  distinct  acetone  test,  moderate  number  of 
slightly  clumped  leucoey1;es  and  considerable  gram-negative  rods  which  type  for  bacillus 
typhosus. 

In  the  f(il lowing  ease  the  urinary  bacteriemia  was  the  only  definitely  con- 
firmatory finding. 

Child  E.  A.,  (Dr.  J.  V.),  Aug.  26,  1920,  age  nine  years.  Persistent  temperature,  other- 
wise no  physical  symptoms  of  note.  Child  robust,  bright  and  apparently  comfortable.  Ty- 
phoid suspected.  Three  e.\perieueed  physicians  made  a  thorough  physical  examination  and 
could  detect  nothing  of  note.     Three  negative  Widal  tests  reported  by  the  state  laboratory. 

Aug.  26,  1920.  Blood.— Ued  cell  count  4,740,000;  white  cell  count  11,600;  polymor- 
phonuclear leucocytes  63  per  cent,  mononuclear  leucocytes  14  per  cent,  lymphocytes  2.1  ]ier 
cent  (large  10  per  cent,  small  13  per  cent)  ;  no  plasmodia. 

Urine  showed  considerable  juis  and  motile  rod  bacteria,  which  type  for  bacillus  para- 
typhosus,  type  B. 

The  following  case  was  an  uiisus])ecU'(l  tyi)lioid  infection: 

Mrs.  B.  M.,  (Dr.  F.  11.)  April  9,  1920,  Cystitis.  Frequency  in  urinating,  discomfort 
in  pelvic  region.  Passed  blood  in  the  urine.  Had  typhoid  in  1907  and  "almost  died  from 
it." 

April  9,   1920.     Urine. — Cathetcri/.ed,  considerable   ]ius,   no   tubercle  bacilli. 

April  12,  1920.  Urine. — Catheterized,  considerable  pus,  no  tubercle  bacilli,  but  numer- 
ous motile  rods  which  type  for  bacillus  typhosus.  This  specimen  had  been  plmid  in  the 
incubator  overnight. 
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April  20,  1020.  Urine. — 23  hour  lot — sp.  gr.  1.020,  trace  of  albumen,  urea  1.7  per  cent, 
squamous  epithelium,  considerable  pus,,  and  bacillus  typhosus,  no  tubercle  bacilli. 

May  25,  1920.  Vrin-e. — Sp.  gr.  1.03(3,  no  albumin,  urea  2  per  cent,  no  pus,  etc.,  urine 
culture — negative. 

June  i,  1920.     Widal  reaction  on  blood  was  negative. 

The  following  case  was  an  emergency  operation  which  gave  no  typhoid 
history : 

Mrs.  G.  (Dr.  P.  Z.)  March  13,  1920,  aged  twenty-five  years,  admitted  for  ruptured 
ectopic  pregnancy  which  showed  a  rupture  in  uterine  half  of  the  left  tube.  Abdomen  filled 
with  free  blood  and  clot. 

Patient  had  always  been  in  good  health.  One  and  a  half  years  previous  had  an  early 
(2  or  3  month)  abortion.  Two  days  before  admission  was  taken  with  sudden  violent  pain 
in  abdomen,  accompanied  by  great  shock  and  deathly  palor.  Morphine  relieved  pain.  An- 
other attack  on  morning  of  admission,  was  extremely  weak,  P.  l-l-i,  E.  124,  T.  101°F. 

Before  operation  and  after  an  intravenous  injection  of  700  e.c.  of  saline  the  hemoglobin 
was  60  per  cent  and  the  urine  showed  a  sp.  gr.  1.030,  very  faint  trace  of  albumin,  small 
amount  of  pus  and  a  moderate  number  of  uric  acid  crystals.  Immediate  recovery  from  op- 
eration was  satisfactory,  P.  120-144,  T.  99.5  to  101°F. 

March  13  and  14.  Patient  vomited  a  good  deal,  March  14  quite  tj-mpaiiitic  but  no 
pain. 

March  15,  1920.     a.  m.,  slightly  irrational;  9  to  10  p.  M.  irrational,  talks  incessantly. 

March  Ifi,  1920.  Same,  not  much  relieved  by  medication,  etc.  Gag  and  feces  escaping 
freely. 

March  17,  1920.  ^Urin-e,  sp.  gr.  1.020,  reaction  neutral,  faint  trace  of  albumin,  trace 
of  acetone,  few  casts,  considerable  pus. 

March  18,  1920.  Urine. — Trace  of  albumin  and  of  acetone,  considerable  pus  and  many 
motile  rod  bacteria. 

March  19,  1920.  "Wildly  delirious,  very  restless,  screams.  Urine,  especially  obtained 
at  3  P.  M.,  strong  albumin  and  strong  acetone  tests.  Moderate  number  of  hyaline  and  few 
granular  casts,  and  numerous  pus  cells.  The  specimen  was  turbid  throughout  with  motile 
rod  bacteria.  Upon  standing  these  still  formed  a  film  throughout  two-thirds  of  the  specimen. 
They  were  identified  by  agglutinins  as  bacillus  paratyphosus,  type  B.  Patient  died  at  9  P.  M., 
complete  autopsy  refused.  Exploration  of  the  operative  area  showed  no  peritonitis  or  wound 
infection.     Death  due  apparently  to  a  paratyphoid  toxemia. 


The  high  titer  agglutinating  serum  can  be  employed  to  demonstrate  the 
presence  of  typhoid  and  paratyphoid  bacilli  in  feces  both  for  diagnostic  pur- 
poses in  suspected  typhoid  infections  and  to  determine  their  presence  in  the 
feces  from  convalescing  cases  without  resorting  to  cultures. 

The  typhoid  bacilli  can  appear  in  the  urine  at  the  same  time  that  an  ex- 
tensive circulatory  baeteriemia  exists,  before  a  positive  AVidal  i-eaction  is  ob- 
tainable. The  finding  of  the  bacilli  in  the  urine  may  prove  the  only  definite 
means  of  establishing  a  definite  typhoid  diagnosis. 

A  typhoid  bacillus  cystitis  can  apparently  exist  without  producing  an  ag- 
glutinin production  in  the  blood. 

A  typhoid  or  paratj^jhoid  baeteriemia  unsuspected  in  an  operative  case 
may  prove  disastrous  to  the  patient.  This  paper  and  the  previous  one  show 
that  the  detection  and  identification  of  motile  bacilli  in  urine  can  prove  of 
considerable  diagnostic  A-alue. 


THE  ROUTINE  DETERMINATION  OF  CREATININE  AND  ACETONE  IN 

URINE* 


By  Henry  J.  Goeckel,  Phm.D.,  Cranford.  N.  J. 


NEVER  having  noted  the  inclusion  of  a  creatinine  determination  in  the 
usual  routine  clinical  analysis  of  urine  by  others,  the  following  modifica- 
tion of  a  recognized  test  as  used  by  the  writer  may  be  of  value.  It  gives  a 
roughly  quantitative  creatinine  determination  without  much  additicnial  labor 
and  requires  no  special  apparatus. 

REAGENTS 

1.  A  .saturated  aqueous  solution  of  sodium  nitroprusside.  This  keeps  for 
a  week  or  more  when  placed  in  an  amber  glass  bottle.  2..A  sodium  hydroxide 
solution.    3.  Glacial  acetic  acid. 

To  a  row  of  test  tubes,  approximately  5  c.c.  (mils)  of  each  urine  is  added 
in  consecutive  order.  Ten  drops  of  the  nitroprusside  solution  are  then  added 
to  each  tube  followed  by  sufficient  sodium  hydroxide  solution  (a  few  drops) 
to  produce  the  maximum  intensity  of  red  color. 

A  dense  cherry  red  color  indicates  a  normal  or  high  creatinine  content, 
while  a  paler  shade  will  indicate  a  low  content.  This  must  be  noted  at  once 
as  the  color  begins  to  fade  in  the  course  of  a  few  minutes.  By  examining  a 
series  of  urines  they  can  be  readily  contrasted.  Those  which  appear  low  in 
creatinine  content  are  noted. 

Glacial  acetic  acid  is  then  added  to  each  tube  to  determine  acetone.  In 
the  absence  of  acetone,  when  the  creatinine  is  normal  or  low,  the  urine  re- 
turns to  approximately  its  normal  color.  Should  the  creatinine  be  high,  vari- 
ous shades  of  green  will  become  evident.  When  the  creatinine  content  is  very 
high  a  deep  blue  precipitate  will  form. 

The  presence  of  acetone  will  be  indicated  by  the  i;sual  production  of  vari- 
ous shades  of  red  when  the  glacial  acetic  acid  is  added. 

This  application  of  the  acetone  test  to  indicate  creatinine  affords  a  ready 
means  to  differentiate  between  those  nephritic  cases  showing  probable  creat- 
inine retention  and  those  which  are  not  so  far  advanced.  It  also  at?ords  a 
ready  means  in  conjunction  with  the  other  routine  tests  for  detecting  surgical 
cases  liable  to  be  very  poor  risks,  due  to  advanced  nephritic  conditions.  It 
is  of  service  in  hospitals  not  fortunate  enough  to  have  the  proper  facilities  and 
technician  service  to  perform  the  more  extended  and  reliable  (|uan1itative 
blood  tests. 

I  use  this  test  as  the  principal  factor  for  advising  against  an  operation 
when  the  creatinine  is  low.  On  the  other  hand  T  have  yet  to  note  a  case  show- 
ing a  slight  albuiniiun-ia  and  few  or  no  casts,  but  with  a  normal  or  high  creat- 
inine content  which  did  not  pass  through  the  anesthesia  and  0])eration  unevent- 
fully as  relaU'd  to  the  n('])hritis.  I  hax'c  seen  many  such  cases  Avliicli  ri'turnod 
to  normal   following  o])('ration. 


•I'rom   tlic   Cliiiic.-il    anrl    Pathological   I.nhoiatory   of   Mnlik-nbcTB   IIos|.i(al.    I'lainfi.-ld.   N.   J. 
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BENIGN  TUMORS  OF  THE  GASTROINTESTINAL  TRACT* 

By  Edward  E.  H.  Boyer,  Ph.D.,  Columbus,  0. 


THE  fiudiug-  of  benign  tumors  in  tlie  gastrointestinal  tract  is  quite  unusual, 
and  frequently  Yerj-  intere.sting  and  important.  The  least  important  of  such 
neoplasms  are  probably  those  iu  the  stomach,  since  the  chance  for  obstruction  to 
the  canal  is  less  here  than  in  other  portions  of  the  gut.  The  small  intestine,  es- 
pecially the  ileum,  appears  to  be  the  seat  of  benign  growths  more  frequently 
than  any  other  part  of  the  alimentary  tract :  and  the  appendix  gives  rise  to  tu- 
mors less  frequently  than  any  other  part.  The  principal  types  of  benign  neo- 
plasms are,  in  order  of  frequency,  myomata,  lipomata,  adenomata,  fibromata. 

Sometimes  such  growths  give  rise  to  no  symptoms,  and  are  found  by  acci- 
dent during  operations  for  other  conditions,  or  at  autopsy.  Iu  some  eases  the 
symptoms  are  very  indefinite  and  misleading,  esijecially  if  the  tumor  is  growing 
toward  or  bej'ond  the  serosa.  But  when  definite  symptoms  appear  the  patient 
usually  complains  of  obstinate  constipation,  less  often  of  intestinal  hemorrhage. 
The  constipation  in  such  eases  may  be  due  to  intussusception,  but  is  more  likely 
to  be  caused  bj^  obstruction  of  the  lumen  due  to  the  presence  of  the  tumor  which 
has  grown  toward  or  beyond  the  mucosa.  A  diagnosis  probably  has  never  been 
made. 

Sometimes  the  tumors  grow  into  and  obstruct  the  lumen;  but  others  may 
progress  outward  to  the  serosa.  Those  of  the  former  case,  obviously,  are  the 
ones  which  caxise  most  pain  and  discomfort,  and  are  usually  more  dangerous  to 
the  patient. 

Among  the  factors  which  may  be  responsible  for  the  direction  of  growth  of 
the  neoplasm  are  (1)  ijoint  of  origin  of  the  new  growth,  (2)  meehauieal  resistance 
of  adjacent  layers,  (3)  biologic  resistance  of  neighboring  cells,  (4)  intestinal 
stasis. 

The  symptoms  may  simulate  those  of  malignaucy  in  the  affected  part,  so 
that  the  prognostic  value  of  these  neoplasms  should  not  be  overlooked.  The 
following  two  case  reports  are  appended : 

Case  1. — Service  of  Dr.  Brock.  A  farmer,  aged  sixty-five  years,  vras  admitted  to  Mt. 
Carmel  Hospital  on  account  of  pain  about  the  umbilicus.  There  was  no  history  of  injury  to 
the  abdomen.  The  patient  had  had  "stomach  trouble  and  indigestion"  for  years,  but  was 
seldom  constipated  until  two'years  ago,  when  violent  catharsis  was  used.  The  patient  has 
not  defecated  for  five  days.  There  has  been  considerable  pain  in  the  epigastrium,  with  ab- 
dominal distention.  Patient  has  vomited  stercoraceous  material  several  times.  Physical 
examination  reveals  nothing  of  further  importance.  At  operation  a  tumor  of  the  ileum  was 
removed.     An  end  to  end  anastomosis  was  performed. 

Pathologic  Seport. — The  piece  of  intestine  measures  8  cm.  in  length  by  2%  em.  in  diam- 
eter. In  the  central  portion  there  is  a  moderate  bulging.  On  section  one  finds  the  lumen 
obstructed  by  a  firm  nodule  which  is  pedunculated  to  the  intestinal  wall.  This  nodule  meas- 
ures 2  cm.  in  diameter.  It  is  covered  with  mucous  epithelium,  and  is  circumscribed  but 
not   encapsulated.      On    section   the   cut   surface    presents   the    appearance    of   muscle    tissue. 

•From  the   Pathological  Lahoratory   of  Mt.    Carmel   Hospital,   Columbus,   O. 
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Grossly  the  muscle  fibres  appear  to  originate  in  the  muscular  layer  of  the  gut.  Histologically 
one  finds  the  tumor  covered  with  a  layer  of  simple  columnar  eiiithelium  -which  has  not 
atrophied.  The  muscle  fibres  run  in  all  directions,  sometimes  wavy,  sometimes  in  straight 
bundles,  and  occasionally  in  whorls.  There  is  a  moderate  amount  of  connective  tissue  stroma. 
Capillaries  are  few,  and  round  cell  infiltration  is  absent.  The  gut,  on  both  sides  of  the 
point  of  origin  of  the  neoplasm,  is  of  normal  appearance.  Just  below  the  pedicle,  however, 
the  muscular  layer  thickens,  loses  its  normal  orientation,  and  grows  toward  the  mucosa.  The 
new  growth  is  readily  seen  to  have  pushed  the  mucosa  before  it,  not  penetrated  through  it, 
as  it  grew  into  the  lumen  of  the  intestine.  The  connective  tissue  of  the  mucosa  and  the  mus- 
eularis  mucosas  are  not  included  in  the  covering  of  the  tumor;  only  the  epithelial  layer  is  left. 
It  is  probable  that  tlie  connective  tissue  and  muscle  cells  became  atrophied  by  pressure,  and 
only  the  epithelial  cells  were  able  to  regenerate  rapidly  enough  to  keep  pace  with  the  pro- 
gressive growth  of  the  tumor.  The  structure  of  the  tissues  is  very  beautifully  demonstrated 
by  using  "Van  Gieson's  picrofuchsin  stain. 
Diagnosis. — Leiomyoma. 

Case  2* — Female,  aged  fifty-two  years.  Complained  of  pain  in  the  pelvic  region.  At 
various  times  she  complained,  also,  of  digestive  disturbance  with  some  gastric  pain.  A  clin- 
ical diagnosis  of  ovarian  cyst  was  made.  At  operation  an  ovarian  cyst  was  found  and  re- 
moved. During  exploration  of  other  abdominal  organs  a  mass  was  found,  by  palpation,  on 
the  greater  curvature  of  the  stomach,  about  three  inches  above  the  pylorus.  It  seemed  to 
penetrate  the  entire  wall  of  the  stomach.  Section  was  made,  and  the  tumor  was  removed  in 
one  mass.  The  remaining  parts  of  the  viscera  were  apparently  normal.  The  patient  made 
an  uninterrupted  recovery. 

Pathologic  Hepori.— The  mass  measures  31/2  x  21/2  x  21/2  cm.  The  peritoneal  surface  is 
smooth,  of  light  color,  and  discloses  occasional  blood  vessels.  It  was  pedunculated,  the  ped- 
icle measuring  1,^  x  Vi  cm.  On  section  one  finds  a  mass  of  firm,  fibrous  tissue  involving  the 
entire  specimen.  The  tumor  is  encapsulated,  the  capsule  measuring  V2  mm.  in  thickness.  The 
cut  surface  exhibits  a  pearly  translucent  appearance.  The  cells  appear  to  be  arranged  in 
wavy  bundles  and  in  whorls,  and  there  is  a  resemblance  to  the  cut  surface  of  certain  uterine 
myomata.  Microscopically  one  finds  many  fibroblasts  evenly  distributed  throughout  the 
neoplasm.  The  collagen  fibrils  are  quite  numerous,  and  a  few  fibroglia  fibrils  are  also  found. 
The  cells  are  grouped  in  bundles  which  lack  definite  orientation  and  are  in  many  different 
planes  and  directions.  Blood  capillaries  are  not  especially  numerous,  and  are  evenly  dis- 
tributed. The  endothelial  lining  is  prominent  in  some  vessels,  the  individual  cells  appearing 
swollen.  In  other  areas  the  endothelial  cells  appeaK  flattened.  There  is  a  diffuse  lymphoid 
cell  infiltration  which  is  not  particularly  marked  except  in  some  perivascular  regions.  A  few 
plasma  cells  are  mixed  in  with  the  other  cells.  There  are  no  areas  of  hemorrhage,  and  de- 
generative changes  cannot  be  found.     One  looks  in  vain  for  muscle  and  epithelial  cells. 

Diagnosis. — Fibroma  of  the  stomach. 
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EDITORIALS 


The  Route  of  Absorption  of  Inhaled  Substances 

SOilE  months  ago  the  valualile  work  of  Blake  and  Cecil  on  experimental 
pneumonia  was  reviewed  in  these  pages.  These  investigators  produced 
typical  lobar  pneumonia  in  monkeys  by  injecting  broth  cultures  of  pueumo- 
eocci  into  the  trachea;  the.y  also  produced  bronchitis  and  bronchopneumonia 
by  similar  injections  of  influenza  bacilli  of  exalted  virulence.  They  con- 
cluded from  studies  of  an  animal  killed  three  hours  after  pueumococcus  in- 
oculation, that  primary  tissue  invasion  took  place  through  the  walls  of  the 
larger  bronchi  near  the  root  of  the  lung,  rather  than  through  the  alveolar 
walls.  Pneumococci  were  most  numerous,  and  the  beginning  tissue  changes 
most  pronounced,  in  the  peribronchial  tissues  around  the  hilum.  They  do  not 
deny  the  possibility  of  invasion  through  the  alveoli,  but  feel  that  the  objec- 
tive findings  did  not  support  this  view. 

Winternitz,  Smith,  and  Robinson  have  called  attention  to  a  possible  error 
or  complicating  factor  in  the  interpretation  of  such  experiments,  when  the 
technic  is  such  as  to  involve  trauma,  especially  to  the  submucosa  of  the 
trachea.  Apparently  this  possibility  cannot  be  excluded  when  such  trauma 
exists.    Moreover,  it  must  be  recognized  that  pneumococci,  which  are  capable 
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of  producing  lesion  of  the  bronchial  mucosa,  may  invade  it  readily,  -while 
other  organisms  and  substances  fail  to  do  so. 

The  exijeriments  of  Mullin  and  Ryder,  carried  out  last  year  in  our  re- 
search laboratory  at  Colorado  Springs,  and  recently  published,  seem  to  pro- 
vide examples  of  invasion  which  is  chiefly,  if  not  entirely,  through  the  alveo- 
lar epithelium.  They  allowed  rabbits  to  inhale  suspensions  of  finely  divided 
carbon  (India  ink)  and  of  virulent  human  tubercle  bacilli.  These  fluids 
were  dropped  into  the  nasal  fossae  with  a  pipette,  and  allowed  to  run  back 
into  the  pharynx,  whence  they  are  inhaled,  owing  to  the  rapid  breathiug 
and  inefficient  laryngeal  control  of  "these  animals. 

Two  rabbits  received  an  emulsion  of  tubercle  bacilli.  They  were  killed 
after  seven  weeks,  and  both  showed  massive  tuberculous  infiltration  of  the 
upper  and  middle  lobes  of  the  right  lung,  with  moderately  advanced  tuber- 
culosis of  the  bronchial  nodes.  The  cervical  nodes,  spleen,  and  mesenteric 
nodes  were  all  negative  both  gro.ssly  and  microscopically.  The  parenchymat- 
ous character  of-  the  lesions,  and  the  involvement,  in  both  eases,  of  the  whole 
of  the  apical  and  middle  lobes  of  one  lung,  without  other  visible  lesions,  favors 
a  primary  alveolar  process  rather  than  a  peribronchial  one,  but  of  course  is 
by  no  means  conclusive. 

The  evidence  from  the  rabbits  that  were  given  India  ink  is  more  im- 
pressive. Free  ink  was  found  all  along  the  respiratory  tract.  In  every  in- 
stance there  Avas  very  extensive  blackening  of  the  parenchyma  of  the  lung, 
with  moderate  to  marked  discoloration  of  the  bronchial  nodes.  There  were 
slight  to  considerable  amounts  of  carbon  in  the  spleen  and  traces  in  the  kid- 
ney. In  no  case  was  any  found  in  the  mesenteric  nodes.  The  aspect  of  the 
lungs  was  vei-y  striking,  some  lobes  being  entirely  black,  others  showing 
clusters  of  large  black  blotches,  Avhile  others  were  hardly  discolored  at  all. 
"The  appearance  of  all  this  pigmentation,  its  overwhelming  quantity,  is  abso- 
lutely distinct  from  spontaneous  anthracosis,  Avhich  in  rabbits  is  seldom 
grossly  visible  in  the  lungs,  and  if  so  occurs  only  as  fine  stippling,  never  as 
masses  or  blotches." 

In  order  to  exclude  all  possibility  of  absorption  from  the  digestive  tract, 
"Eabbit  4  was  given  about  3  c.c.  of  India  ink  at  one  time  and  killed  half 
an  hour  later.  Autopsy  showed  much  ink  in  the  nose,  mouth,  pharynx,  larynx, 
esophagus,  trachea  and  bronchi.  The  stomach  was  filled  with  vegetable  ma- 
terial and  this  was  blackened  over  a  radius  of  about  2  cm.  around  the  esopha- 
geal opening,  but  there  was  no  discoloration  below  this  sharply  defined  level 
in  the  digestive  tract,  the  remainder  even  of  the  stomach  contents  being 
free  from  ink.  The  lungs  showed  almost  complete  blackening  of  the  left 
upper  lolir,  ;nid  marked  blackening  of  the  left  lower  and  right  middle  lobes. 
The  broncliial  nodes  showed  marked  hyperemia  and  a  nidderate  amount  of 
carbon  scattered  through  them.  The  cervical  and  mesenteric  nodes  were 
neo-ative.  The  presence  of  carbon  all  along  tlie  inlinlalion  ronte,  witli  its 
complete  absence  fi-om  llie  intestine,  cdmpletes  the  jtroof  tliiit  tbe  hing  find- 
ings are  due  to  iidialatimi." 

Microscopic  sections  of  the  Inngs  in  se\-cral  animals  "showed  carbon  in 
the    smaller   bronchi    and    indicated    that    the    blackening    of    the    lungs    was 
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lobular  in  arrangement,  the  alveoli  being  packed  with  earbou,  much  of  which 
had  been  taken  up  by  large  phagocytic  cells,  evidently  the  alveolar  cells  of 
the  lungs;  and  the  deeper  structural  tissue  of  the  lungs  contained  many  of 
these  cells  apparently  travelling  along  the  lymx^hatics."  "The  behavior 
of  these  cells  in  this  instance,  as  well  as  their  proliferation  in  acute  and 
tuberculous  pneumonia,  emphasizes  their  close  relationship  to  the  fixed  en- 
dothelial cell  and  the  large  mononuclear  leucocyte.  They  seem  readily  to 
engulf  particles  which  arrive  on  their  surface,  and  to  proliferate  under  the 
stimulus,  become  detached,  and  either  to  be  cast  off  in  the  expectoration 
or  taken  up  and  carried  along  the  course  of  lymphatic  absorption.  The  cells 
of  the  upper  respiratory  mucous  membrane,  on  the  other  hand,  do  not  appear 
to  be  phagocytic,  but  rather  to  throw  off  foreign  particles  by  means  of  their 
secretion." 

The  authors  here  follow  Sewell's  interpretation  as  to  the  origin  of  the 
intraalveolar  phagocytic  cells.  In  view  of  the  work  of  Foot  on  inhalation 
tuberculosis,  it  seems  likely  that  these  cells  really  arise  from  the  endothelium 
of  the  capillaries  in  the  alveolar  walls,  and  migrate  rapidly  into  the  air 
spaces  under  the  stimulus  of  foreign  particles  arriving  there. 

Foot,  whose  work  complements  that  of  McJunkin  on  endothelium,  in- 
jected water-proof  India  ink  intravenously  to  produce  vital  discoloration  of 
all  endothelial  cells,  both  fixed  (vascular  and  sinusoidal)  and  free  (large 
mononuclears),  and  observed  carbon-bearing  cells  in  the  capillaries  of  the 
alveolar  walls,  escaping  into  the  air  spaces,  and  lying  free  in  the  bronchi. 
These  cells  i^hagoeytosed  carmine  granules  and  tubercle  bacilli  injected  into 
the  trachea.  He  says,  "These  cells  .  .  .  play  the  principal  part  in  the 
reaction  to  the  tubercle  bacillus  in  the  air -borne  infection  and  are  evidently 
the  cells  which  Sewell  thought  to  be  epithelial."  In  inhalation  tuberculosis 
he  finds  the  first  site  of  lesions  in  the  alveoli.  Desquamation  of  carbon-free 
alveolar  cells  and  exudation  of  carbon-bearing  endothelial  cells  occur  to- 
gether, and  both  types  of  cell  may  contain  tubercle  bacilli.  The  fii'st  forma- 
tion of  definite  tubercles  occurs  almost  simultaneously  in  the  alveoli  and 
in  the  inter.stitial  tissue. 

Similarly,  Gardner  finds  that  the  alveoli  first  give  evidence  of  lesion  after 
inhalation  of  Tj^pe  Rl  tubercle  bacilli,  and  of  granite  dust. 

In  the  microscopic  sections  from  the  lungs  in  Mullin  and  Ryder's  animals, 
we  do  not  find  carbon-laden  cells  in  any  quantity  in  the  bronchial  mucosa, 
as  we  should  expect  to  do  if  these  structures  were  readily  capable  of  ab- 
sorption, and  this  is  true  even  when  the  animals  were  killed  a  short  time  after 
inhalation,  when  the  small  bronchi  as  well  as  the  alveoli  are  seen  to  be  full 
of  carbon.  So  far  as  the  evidence  of  these  experiments  goes,  the  normal 
bronchial  mucous  membrane  apparently-  does  not  absorb.  Possibly  the  peri- 
bronchial findings  of  Blake  and  Cecil  may  be  due  to  the  concentration  of 
bacteria  originally  absorbed  from  the  alveoli  and  converging  down  the  lym- 
phatics to  the  hilum,  as  described  by  Krause,  rather  than  to  absorption  through 
the  bronchial  walls  in  the  immediate  vicinity. 

Some  recent  observations  of  our  own,  not  yet  reported,  may  be  worth 
mentioning  here.     In  a  study  of  certain  phases  of  guinea  pig  anatomy  and 
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their  bearing  on  exijerimental  tuberculosis,  we  injected  India  ink  into  the 
si^leens  of  normal  pigs.  If  the  injection  is  massive  enough,  some  of  the 
ink  reaches  the  hmgs  by  way  of  the  vena  cava,  heart,  and  pulmonary  artery, 
and  is  found  scattered  through  them  in  endothelial  cells  both  fixed  and  free. 
These  carbon-bearing  cells  are  numerous  in  the  alveolar  walls,  but  very  rare 
in  the  air  spaces,  and  there  is  no  proliferation  or  desquamation  of  alveolar 
epithelium.  A  good  many  of  the  pigmented  cells  are  found  along  the  peri- 
bronchial structures,  the  route,  that  is,  of  the  vessels  which  bring  the  carbon 
to  the  lungs  and  of  the  lymphatics  which  take  it  up  and  carry  it  to  the 
bronchial  nodes,  where  it  is  found  in  considerable  amount.  Carbon-contain- 
ing endothelial  cells,  both  fixed  and  free,  are  found  in  the  bronchial  mucosa 
all  the  way  from  the  trachea  to  the  smallest  bronchi,  and  many  of  them 
seem  to  he  passing  between  the  epithelial  cells  into  the  lumen,  where  they 
occur  with  moderate  frequency.  In  Mullin  and  Ryder's  animals,  though  the 
small  bronchi  were  often  choked  with  carbon  and  carbon-filled  phagocytes, 
discolored  cells  were  virtually  absent  from  the  bronchial  mucosa. 

In  short,  carbon  particles  reaching  the  free  surface  of  the  bronchial 
mucous  membrane  from  the  air  do  not  appear  to  be  absorbed;  while  on  the 
contrary,  carbon  particles  reaching  this  membrane  by  way  of  its  circulation 
seem  in  part  to  be  eliminated  through  it.  The  function  of  absorption  is  vested 
in  the  alveolar,  not  the  bronchial,  epithelium,  yet  the  latter  may  be  the  site 
of  primary  lesion  and  early  absorption  in  the  case  of  a  virus  especially  adapted 
to  attack  it. 
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Complications  of  the  Arsphenamine  Treatment  of  Syphilis 

ONE  of  the  interesting  aspects  of  syphilology  is  that  which  deals  with  the 
so-called  organotropic  action  of  the  Treponema  pallidum.  It  has  been  some 
years  .since  the  possibility  was  expressed  that  there  were  different  types  of  trepo- 
nemas  which  were  responsible  for  different  syphilitic  manifestations,  for  instance 
tabes  or  other  nervous  forms  of  disease  were  due  to  one  type,  the  neuro- 
tropic ;  hepatic  manifestations  were  due  to  an  hepatotropic  type,  and  so  on. 
The  conver.se  also  is  possible  that  the  localization  of  spirochetal  infection  is 
not  due  so  much  to  the  organotropic  action  of  the  infecting  organisms  as  to 
the  organic  susceptibility  of  the  tissues  of  the  body  to  the  spirochetes.    It  is 
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possible  that  the  reasons  for  organic  localization  of  the  organism  causing 
syphilis  are  the  same  as  those  concerned  in  the  localization  of  the  streptococci 
of  Rosenow.  However  that  may  be  there  is  in  the  literature  the  account  of 
the  seven  glass  blowers,  all  of  Avliom  developed  labial  chancres  from  the  same 
infected  source.  Five  of  these  developed  tabes  and  two  general  paresis.  Also 
there  are  the  cases  of  Morel-Lavallee — five  men  infected  by  the  same  woman, 
One  of  these  developed  syphilitic  meningitis,  two,  general  paresis,  and  one, 
a  syphilitic  psychosis.  Fischl  reports  three  cases  of  icterus  which  he  believes 
give  evidence  of  a  hepatotropic  variant  of  the  spirochete.  In  one  case,  a 
woman,  the  jaundice  followed  a  course  of  antisyphilitic  treatment  but  disap- 
peared under  further  treatment;  in  the  second  case,  the  husband  of  the  first, 
jaundice  developed  and  disappeared  before  treatment  was  commenced.  The 
third  case,  one  from  which  the  husband  had  contracted  the  disease  also  had 
jaundice  during  treatment. 

The  main  reason  for  separating  such  cases  from  other  on(>s  in  wliicli  icterus 
presents  itself  lies  of  course  in  the  common  source  of  infection.  Jaundice 
itself  is  not  excessively  rare. 

Stratliy,  Smith  and  Hannah  call  attention  to  47  cases  of  hepatic  compli- 
cations of  treatment  (jaundice,  or  atrophy)  in  8  of  which  a  fatal  issue  oc- 
curred. In  such  cases  the  onset  of  symptoms  was  seldom  earlier  than  five 
weeks  after  cessation  of  arsenical  treatment,  and  these  symptoms  are  referred 
to  the  arsenic  rather  than  to  the  benzol  group  of  the  drug  used.  Ffrench 
after  calling  attention  to  the  fact  that,  in  his  experience,  toxic  jaundice  is 
rare,  expresses  the  belief  that  there  are  two  types  of  jaundice  in  early  syph- 
ilis; one  which  often  occurs  before  arsenical  treatment,  and  is  syphilitic  in 
nature  and  due  to  the  action  of  Tr.  pallidum  on  the  liver  cells;  the  second, 
which  develops  toward  the  end  of  the  course  of  arsenical  injections,  he  at- 
tri])utes  to  the  action  of  the  arsenic.  Nieaud  reports  8  cases  of  early,  and  16 
of  late  icterus  which  complicated  arsenical  treatment.  In  one  ease  the  dis- 
turbance appeared  after  the  first  injection.  The  date  of  the  infection,  or  the 
dose  of  the  drug,  seemed  to  play  no  essential  role. 

The  fact  that  these  cases  are  so  rare  when  one  considers  the  large  num- 
ber of  cases  who  undergo  treatment,  leads  one  to  suspect  that  the  fundamental 
cause  lies  rather  in  the  condition  of  the  liver  at  the  time  the  drug  is  adminis- 
tered. It  is  conceivable  that  somewhat  the  same  conditions  exist  as  those 
which  account  for  the  necrosis  following  chloroform  anesthesia.  Furthermore, 
it  seems  as  though  many  of  the  severer  cases  of  jaundice  follow  the  combined 
use  of  arsenic  and  mercury,  a  fact  which  accentuates  this  conception. 

This  matter  of  toxic  reactions  that  appear  during  or  after  treatment — 
especially  the  intravenous — with  arsenic  preparations  is  discussed  by  Parnell 
and  Fildes  upon  the  basis  of  their  expex-ienee  with  the  intensive  treatment 
with  neosalvarsan  (neokharsivan  and  novarsenobillon).  Most  of  the  cases 
were  suffering  from  early  syphilis  and  all  were,  except  for  their  infections, 
healthy.  There  were  1,250  patients  treated,  and  each  received  a  course  of  six 
doses  of  0.45  grm.  given  intravenously  at  two-day  intervals.  Parnell  and 
Fildes  separate  tlie   toxic   reactions  which   they  believe   are   doe   to   the   drug 
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itself  from  the  so-called  endotoxic  reactions  which,  they  say  are  invariable  to 
a  greater  or  less  extent  after  the  first  and  occasionallj^  after  the  second  injec- 
tion ill  cases  of  early  untreated  syphilis.  These  reactions  consist  of  pyrexia, 
which  usually  starts  six  hours  after  the  injection,  and  may  be  accompanied  by 
a  chill  or  headache  and  nausea.  The  cause  of  this  is,  they  say,  to  be  found  in 
the  "s}-philis  toxin"  which  is  suddenly  liberated  from  the  treponemas  by  the 
destructive  action  of  the  drug.  They  also  exclude  what  they  call  "water 
fever,"  which  is  due  to  impure  water,  and  which  consists  iu  a  fever  starting 
very  shortly  after  the  injection. 

The  symptoms  upon  which  the  authors  place  emiDliasis  are  pyrexia,  skin 
lesions,  headache,  suffusion  of  the  eyes,  vomiting,  edema,  pain*  herpes,  rigors, 
delirium,  coryza,  nausea,  jaundice,  albuminuria,  dryness  of  throat,  air-hunger, 
salivation,  cyanosis,  biliuria,  and  a  number  of  other  minor  ailments.  Pyrexia, 
skin  lesions,  headache  and  suffused  eyes  both  in  point  of  incidence.  The  skin 
lesions  were  mostly  erythematous  or  macular  in  type.  Symptoms  of  anj-  type 
occurred  in  but  55  of  the  series  of  cases,  and  for  the  most  part  they  were  ex- 
ceedingly mild.  Considering  the  potency  of  the  drug  and  the  number  of 
patients  in  whom  it  was  used,  the  number  of  complications  is  almost  negligible. 

In  connection  with  this  matter  of  ill  effects  of  salvarsan  it  is  of  interest 
that  iu  the  Keport  of  the  Medical  Research  Committee,  the  causes  are  assigned 
to  (1),  toxicity  of  the  drug;  (2),  errors  in  technic;  (3),.  susceptibility  of  the 
patient;  (4),  causes  unknown.  Our  own  opinion  is  that  given  a  standard  prep- 
aration of  the  drug,  and  a  good  technic,  including  testing  of  the  ampoules  by 
immersion  in  alcohol  before  using  them,  the  main  cause  is  a  personal  suscepti- 
bility of  the  patient.  Tf  the  drug  is  administered  by  the  gravity  method,  then 
an  essential  part  of  tlie  technic  includes  careful  preparation  of  the  rnV)ber 
tubing. 

The  Connnittee  gives  hemophilia.  Grave's  Disease,  Addison's  diseas^ 
lyniphatism,  syphilis  of  the  central  nervous  system,  cardiac  disease  (especially 
myocardial),  aneurysm  and  arteriosclerosis,  severe  pulmonary  disease,  hepatic 
disease,  gastric  and  intestinal  catarrh,  renal  disease,  alcoholism,  acute  septic 
conditions  and  constitutional  tendency  to  skin  diseases,  as  calling  for  caution 
in  the  use  of  arsphenamine.  As  danger  signals  during  treatment  they  give 
loss  of  weight,  headache,  insomnia,  loss  of  appetite,  appearance  of  renal 
symptoms,  stomatitis,  diarrhea,  jaundice,  and  erythema.  Still  more  informa- 
tion, statistically  speaking,  is  obtained  from  the  committee  of  German  physi- 
cians whose  rcjxirt  is  reviewed  by  Meirowsky.  This  report  deals  with  13,000 
injections  witli  old  salvarsan,  40,954  of  sodium  salvarsan,  171.826  of  neosal- 
varsan  and  64,500  of  silver  salvarsan.  Out  of  the  total  injections  of  old  sodium 
and  neosalvarsan  there  were  12  dealhs  attributed  to  the  drug  (1  in  18,815); 
but  as  some  of  the  fatalities  might  have  l)een  avoided  liy  inm-c  cnrcful  precau- 
tions the  chance  of  death  is  put  at  1  in  56,445  (1  in  13,000  wilh  old  salvarsan, 
1  in  20,000  with  sodium  salvarsan  and  1  in  162,800  with  neosalvarsan).  When 
the  do.se  of  neosalvarsan  exceeded  0.6  the  deaths  rose  to  1  in  3000,  hence  the 
committee  recommend  that  0.6  be  the  maximum  dose.  KnccpliMlit  is  and  der- 
matitis were  more  lial)le  tn  occur  after  an  overdose. 
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Are  We  in  Danger  of  Typhus  Fever 

WITHIN  the  past  few  Aveeks  there  has  been  great  excitement  concerning 
cases  of  typhus  fever  which  have  reached  New  York.  One  would  think 
from  reading  the  newspapers  that  this  is  the  first  time  this  disease  has  within 
recent  years  found  its  way  into  our  country.  This  is  by  no  means  true.  In 
all  probability  New  York  City  has  never  been  entirely  free  from  typhus 
fever.  A  few  years  ago  it  was  demonstrated  that  Brill's  disease  is  typhus 
fever.  There  is  no  evidence,  so  far  as  we  know,  that  there  have  been  second- 
ary cases  among  citizens  of  this  country.  It  is  a  fact  that  typhus  fever  has 
been  permitted  and  is  still  being  permitted  to  seep  into  this  country  both  from 
Mexico  and  Europe.  The  following  is  an  illustration  of  what  has  happened 
recently,  what  probably  is  happening  now,  and  what  quite  certainly  is  likely 
to  be  repeated  in  the  near  future : 

In  the  early  part  of  July,  1920,  Mrs.  Doba  Fiscliler,  age  sixty,  and  her 
son-in-law,  Mr.  Efroim  Sehaehter,  age  thirty-one,  left  their  home  in  a  small 
village  in  Poland;  after  spending  a  few  weeks  in  Warsaw,  about  two  weeks 
in  Paris  and  one  in  Havre,  they  boarded  the  Steamer  La  Savoe  on  August  21, 
taking  steerage  passage.  They  landed  in  New  York  on  the  thirtieth  and  dis- 
embarked at  Ellis  Island  on  the  thirty-first.  They  say  that  they  were  sick 
for  two  days  before  reaching  New  York.  At  Ellis  Island  thej^  were  deloused, 
but  the  fact  that  they  were  ill  was  apparently  not  recognized.  They  reached 
Flint,  Michigan,  September  1,  and  at  that  time  were  quite  ill.  The  physician 
called  to  see  them  made  an  immediate  diagnosis  of  typhus  fever  and  they 
were  placed  in  an  isolation  hospital.  Mrs.  Fischler  died  on  September  8. 
Mr.  Sehaehter  recovered  and  was  discharged  from  the  hospital  on  September 
27.  There  can  be  but  little  doubt  that  these  people  received  their  infection 
on  board  the  steamer. 

Boyd  and  others  showed  before  the  War,  at  least  before  we  got  into  the 
War,  that  typhus  fever  occasionally  finds  its  way  from  Mexico  into  the  very 
heart  of  the  United  States.  Evidently,  the  United  States  Public  Health  Serv- 
ice, Avhich  usually  does  splendid  work,  has  failed  and  is  failing  and  may  con- 
tinue to  fail,  to  keep  typhus  fever  out  of  our  country.  If  this  be  due  to  lack 
of  authority,  Congress  should  be  asked  to  confer  upon  this  Service  more 
authority.  If  it  be  due  to  lack  of  funds,  Congress  should  be  asked  for  larger 
appropriations.  AVith  the  splendid  work  that  this  Service  has  done  in  tlie 
past  we  are  not  going  to  believe  that  the  seepage  of  typhus  fever  into  this 
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country  is  due  to  lack  of  alertness  on  the  part  of  the  U.  S.  Public  Health 
Service. 

It  seems  to  be  quite  generally  believed  that  the  introduction  of  typhus 
fever  into  this  country  is  a  matter  of  no  great  importance  and  that  there  is 
not  the  slightest  possibility  that  it  may  gain  a  foothold  in  our  land.  We  are 
not  so  sure  about  thi.s.  When  we  sent  soldiers  to  Europe  in  1917-1918  it  was 
found  that  a  large  percentage  of  the  negroes  from  the  South  and  of  the  for- 
eign element  from  the  North  was  lousy,  and  even  today,  especially  in  cities 
where  the  foreign  population  is  large,  there  are  thousands  of  lousy  people. 
Typhus  fever  can  be  kept  out  of  the  country.  The  Public  Health  Service  can 
do  this.  If  the  Public  Health  Service  fails,  the  people  have  a  right  to  know 
why  it  fails.  — y_  Q.  V. 
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THE  BACTERIOLOGY  OF  CHRONIC  NONTUBERCULOUS  LUNG 
DISEASE 


By  Horace  Greeley,  jM.D..  axd  Mae  Breretox,  Brooklyn.  N.  Y, 


SOMETIME  ago,  through  the  kindness  of  the  medical  superintendents  of  the 
Sea  Yiew  Hospital  and  the  Otisville  Sanatorium  (Dr.  E.  S.  MeSweeney 
and  Dr.  "W.  L.  Eathbun)  specimens  of  sputum  were  obtained  from  all  the  per- 
.sistently  negative,  as  regards  the  presence  of  tubercle  bacilli,  cases  then  in  these 
institutions.  To  these  were  added  a  few  cases  luider  the  care  of  various  physi- 
cians in  the  city,  and  we  then  proceeded  in  an  attempt  to  work  out  their  bac- 
teriology. It  is  thought  that  the  findings  are  of  sufficient  interest  to  justify  the 
present  article. 

A  short  summary  of  the  histories  and  lung  conditions  of  the  persons  from 
whom  the  specimens  came  is  given  in  a  table,  presented  herewith. 

culture  medium  used 

Knowing  that  an  attempt  to  isolate,  on  ordinai-y  media,  all  the  morpholog- 
ically different  forms  from  so  many  specimens  would  in  all  probability,  swamp 
one  with  work,  it  was  determined  to  try  what  could  be  done  with  selective 
media.  As,  in  examining  smears  of  sputum  from  such  cases,  yeast  bodies  and 
mycelium-like  fragments  had  often  been  observed,  it  was  resolved  to  try 
media  of  acid  reaction,  upon  Avhich  it  was  known  such  forms  could  be  grown. 

In  order  to  obtain  a  standard  medium  which  would  act  selectively,  a  series 
of  twelve  tubes,  each  containing  2  c.c.  of  neutral  nutrient  agar  was  prepared, 
and  to  each  of  these,  while  liquid,  .sterile  10  per  cent  lactic  acid  solution 
was  added — lactic  acid,  if  heated  in  solution  with  agar,  destroys  its  solidify- 
ing power.  The  lactic  acid  was  added  in  increasing  strengths  to  the  successive 
tubes  of  the  series,  and  the  set,  slanted,  was  then  inoculated  with  the  sputum 
of  a  case  (X.S.)  showing  many  yeast-like  bodies,  and  inculiated  for  48  hours. 
At  the  end  of  this  time  it  was  found  that  tube  6,  containing  approximately 
0.3  per  cent  of  lactic  acid,  represented  the  minimum  strength  of  the  latter  which 
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could  safely  be  relied  upon  to  prevent  growth  of  organisms  requiring  neutral 
or  alkaline  media,  and  which  M-ould  also  give  a  good  growth  of  yeasts. 

In  looking  over  the  literature,  preparatory  to  writing  the  present  report, 
we  ran  across  an  article  by  MacDonald^  which  calls  attention  to  a  recom- 
mendation of  Duggar's-  that  lactic  acid  be  employed  to  isolate  pure  strains  of 
fungi.  Duggar  states  that  0.5  per  cent  of  lactic  acid  is  sufficient  to  prevent 
the  growth  of  contaminating  bacteria.  MacDonald  found  that  higher  fungi, 
including  actiuomyces,  sporothrices,  and  blastomycetes,  were  more  than  twice 
as  resistant  as  the  ordinary  known  bacteria,  while  Mucor  mucedo  and  Asper- 
gillus flavus  were  decidedly  tolerant,  growing  in  media  containing  several 
per  cent  of  lactic  acid. 

It  was  also  recently  learned  that  manufacturers  of  commercial  yeast  first 
inoculate  their  medium  with  lactic  acid  bacilli  which,  after  a  period  of  incu- 
bation, are  killed  off  by  heat  before  the  yeast  is  planted.  Such  a  proceedings 
has  an  effect  similar  to  that  produced  by  an  addition  of  the  acid,  and  is  under- 
taken to  prevent  organisms,  other  than  the  yeast,  from  growing  in  the  medium. 

Upon  this  0.3  per  cent  lactic  acid  nutrient  agar  we  planted  smears  of  spu- 
tum from  all  the  cases  studied,  and  incubated  tubes  from  each  case  at  both 
body  and  summer  temperatures  (70°  to  80°  F.)  To  simplify  the  presentation 
of  the  results  obtained  we  shall  give  them  in  groui^s,  corresponding  to  the- 
organisms  isolated. 

PEXICILLII'M  GLAUCUM  GROUP 

The  Penicillium  glaucum  is  a  most  interesting  organism.  Besson^  says- 
that  it  is  one  of  the  commonest  of  moulds,  and  mentions  that  it  is  pathogenic 
for  dogs,  rabbits,  and  lambs.  He  also  quotes  reports  that  it  had  been  found 
in  several   cases  of  middle   ear  inflammation. 

Eocquefort  cheese  owes  its  peculiar  qualities  to  this  organism,  to  the 
spores  of  which  the  green  lines  in  the  cheese  are  due. 

Cauio*  reported  the  case  of  a  man  of  thirty-one,  who  suffered  a  severe  at- 
tack of  what  simulated  pulmonary  tuberculosis.  Examination  of  the  sputum 
disclosed  no  tubercle  bacilli,  but  luimerous  elements  Avhich  proved  to  be  the 
Penicillium  glaucum.  He  states  that  biologic  tests  and  serum  reactions  con- 
firmed the  .supposed  causal  relationship  of  the  orgauism  isolated,  and  that 
the  mycosis  was  reproduced  by  injecting  rabbits  with  the  sputum  of  the  case. 

There  are  some  other  reports  in  the  literature  of  infectious  lung  disease 
probably  due  to  this  organism,  so  far  as  one  can  judge  from  the  partial  de- 
scriptions given  of  the  fungi  isolated;  and  even  one  or  two  of  the  illuslrations 
accompanying  these  reports  are  strongly  suggestive  of  the  Penicillium  glaucum. 
However,  as  other  nanu^s  were  applied  to  the  organisms,  we  shall  not  quote  the 
cases  in  this  connection. 

Fourteen  eases  (.Xumbers,  2.  1.  S.  11.  12,  14,  15,  21,  22,  23,  24,  2."'),  2fi,  .30) 
of  those  iiii-liidi'il  in  1liis  I'cport  gave  cultures  jn-oved  to  be  of  the  Pcnicillinin 
glaucum. 

SPUTUM    APPEARANCES 

Examination  of  smears  of  the  sputum  of  these  fourteen  cases  showed  many 
large  and  small  coceoid  bodies,  some  having  the  appearance  of  being  encapsu- 
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lated ;  ill  nine  ins5tances,  also  many  typical  yeasts ;  and,  in  many,  a  few  of  what 
might  be  called  large  granular  strepto-bacilli,  or  segmented  mj-celium,  from 
which  small  eoccoid  bodies,  joined  in  pairs,  could  frequently  be  found  issuing. 
"With  the  typical  yeast  forms,  large,  cone-shaped  aggregations  of  what  seemed 
to  be  branching  j-easts  were  observed  in  several  instances.  Forms  intermediate 
in  appearance  between  yeasts  and  cocci  were  common.  Some  of  the  yeast  bodies 
were  oval  and  some  spherical,  and  some  showed  the  various  internal  markings 
frequent  in  these  bodies.  The  sputum  of  case  8  (included  as  a  control),  besides 
the  forms  described  also  contained  tubercle  bacilli.  In  this  connection  we  call 
attention  to  observations  of  Sanfelice"  to  the  effect  that  the  lungs  of  tuberculous 
cattle  constantly  contain  blastomycetes  and  other  fungi.  Among  the  former  he 
found  species  pathogenic  to  laboratory  animals.  Furthermore,  he  states,  that  ani- 
mals inoculated  with  these  blastomyces,  in  addition  to  tubercle  bacilli,  died 
sooner  than  those  inoculated  with  tubercle  bacilli  only;  and  that  the  lesions 
showed  both  organisms. 

In  several  of  these  fourteen  cases  (for  instance,  Nos.  12  and  22)  the 
original  jar  of  sputum  was  left  standing,  at  room  temperature,  for  a  few  daj^s, 
and  another  smear  of  the  sediment  then  examined.  At  this  time  the  organisms, 
originally  of  the  size  of  ordinary  micrococci,  were  found  to  have  enlarged  to 
distinctly  yeast  size  and  appearance,  without  having  lost  any  of  their  dye- 
taking  qualities.  Seven  out  of  twelve  of  the  jars  containing  the  specimens  of 
this  group  that  were  left  standing,  as  above  mentioned,  developed,  after 
about  two  weeks,  a  thick  surface  growth  of  the  sporulating  fungus.  On  two 
specimens  the  surface  growth  did  not  sporulate,  and  microscopically  suggested 
large  streptococci.  On  two  others  a  creamy  growth  appeared,  which  proved 
to  consist  of  yeast-like  branchings.  On  one  specimen  no  growth,  whatever 
developed. 

CULTURES 

Plantings,  from  the  sputa  of  the  fourteen  cases,  on  the  lactic  acid  agar, 
incubated  at  70°  to  80°  F.,  gave  after  forty-eight  hours,  opaque  white  colonies, 
which,  upon  microscopic  examination,  showed  a  pure  culture  of  forms  vary- 
ing from  typical  yeasts  to  beginning  hypha  formations.  After  72  hours,  spor- 
ulation  became  apparent,  and,  within  the  next  twenty-four  hours,  the  entire 
growth  became  dark  green.  Microscopic  examination  showed  the  Penicillium 
glaucum. 

Cultures  upon  the  same  media,  planted  at  the  same  time  as  the  above, 
but  incubated  at  body  temperature,  gave  yeast  forms,  which,  although  some 
showed  hypha-like  branchings,  did  not  develop  to  the  conidia-producing  fun- 
gus. Transplants  of  the  cviltures  showing  marked  tendency  to  mycelium  pro- 
duction to  solidified  Loeflfler's  serum,  incubated  at  the  same  temperature,  grew 
in  the  bacillus  form.  Transplants  of  the  yeast  forms  to  lactic  acid  agar  or  to 
acid  sugar  agar,  incubated  at  70°  to  80°  P.,  gave,  in  most  instances,  the  conidia- 
producing  fungus.  It  was  noted  that  in  several  instances  in  which  a  yeast-form 
culture  of  this  organism  had  been  carried  through  several  generations  without 
mycelium  production  the  form  apparently  became  fixed  so  that  we  could  not 
cause  subsequent  transplants  to  produce  conidia.    All  the  forms  that  became 


oo2  THE    JOl'UXAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

aborted  in  this  way  sliowed  appearances  within  the  yeast-bodies  and  the  oc- 
casional liypha  produced  similar  to  what  have  been  denominated  ascospores 
or  endospores. 

Cultures  of  the  Penicilliiim  glancum  (grown  on  either  the  lactic  acid  agar, 
or  on  sugar  agar,  such  as  2  per  cent  maltose  agar)  which  had  been  incubated 
at  70°  to  80°  F.  till  the  surface  showed  complete  sporulation,  as  evidenced 
by  the  dark  green  conidia  masses,  were  taken,  and  transplants  made  as  follows : 

lu  2  per  cent  maltose  bouillon  and  incubated  at  70°  to  80°  F.  for  24  hours. 
From  the  second  generation  so  grown  transplants  were  made  to  Loeffler's 
solidified  serum,  and  incubated  at  body  temperature  for  24  hours.  Plants 
on  the  latter  medium,  made  from  the  conidia  masses  of  the  mother  cultures 
were  also  made  and  incubated  at  the  same  temperature  (98°  F.). 

The  bouillon  cultures,  at  the  end  of  24  hours  were  diffusely  clouded,  and, 
microscopically,  they  .showed  coeeo-bacillus  forms  only.  The  transplants  to 
Loeffler  showed  a  bright  lemon-colored  growth,  of  creamy  consistency,  of  a 
small  bacillus  form.  While  this  latter  could  be  propagated  indefinitely  iu 
the  same,  form,  we  were  unable  to  cause  it  to  develop  to  the  sporulating^ 
fungus.    Plantings  of  conidia  upon  Loeffler  did  not  grow  at  body  temperature. 

Cultures  of  the  Penicillium  glaucum,  after  propagation  as  the  sporulating^ 
form  (at  70°  to  80°  F.)  for  some  time,  gradually  lo.st  their  ability  to  readily 
grow  in  the  small  bacillus  form,  and  it  was  noticed  that  the  hypha  of  cultures 
refractory  in  this  way  usually  failed  to  show  the  central  granules  which, 
in  other  cultures,  so  frequently  may  be  seen  escaping  from  a  broken  hypha. 

Thus  it  seems  demonstrated  that  a  higher  fungus  may  be  grown  in  the 
form  of  a  morphologically  perfect  bacillus,  by  definite  procedures,  and  that 
this  bacillus  is  so  permanent  that  it  might  easily  be  classed,  by  one  tmfamiliar 
with  its  antecedents,  with  bacilli  which  our  present  knowledge  leads  us  to  be- 
lieve are  as  definite  varieties  of  the  earthly  flora  as  any  of  the  plants  which 
claim  the  interest  of  the  horticulturist.  As  previously  recounted,  this  same 
fungus  has  a  yeast  form,  which,  however,  is  a  morphological  variation  common 
among  the  higher  fungi,  as  many  authorities  testify. 

The  above  described  variations  in  the  Penicillium  glaucum  are  excellent 
illustrations  of  persistence  of  characteristics  aecpiired  in  a  single  bacteriologie 
generation,  -which  probably  represents  ten  or  a  dozen  in  actual  descent,  assum- 
ing that  each  organism  divides  at  the  age  of  two  hours  and  that  the  culture 
is  incubated  20  to  24  hours.  Although  the  principles  of  evolution  demand  that 
such  changes  should  occur,  and  most  students  of  biology  and  natural  selection 
believe  them  to  be  the  key  to  the  varied  flora  and  fauna  of  nature,  yet  many 
bacteriologists  will  hesitate  to  accept  the  above  statements. 

CLINICAL  CII.\1{ACTER  OF  CASES 

(See  the  accoini)anying  table) 

One  of  the  eases  showing  this  organisnu  also  had  (iibcrclc  bacilli  in  the 
sputum  (Case  8).  The  illness  was  said  1o  have  been  of  less  than  a  Ncar's 
duration,  but  the  phy.sical  signs  of  lung  di.sease  were  the  most  e.Ktcnsivc  of  all 
in  this  group.     'I'wo  ca.ses  (4  and  11)   were  complicated  with  syphilis. 
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Tuberciiliu  tests  were  ijerformed  in  l)iit  two  of  the  eases  (2  and  12)  and 
were  reported  as  giving  local-positive  reactions. 

Excluding  the  case  showing  tubercle  bacilli  and  the  two  syphilitic  cases, 
and  considering  the  eleven  remaining,  we  are  struck  by  the  long  duration  of 
the  malady  and  the  slight  amount  of  lung  damage  done.  For  instance.  Cases 
21,  22,  and  14  had  had  a  duration  of  16,  12,  and  9  yeai's,  respectively,  while  the 
corresponding  lesiou.'s  were  described  as  "infiltration  right  apex"  (Case  21), 
"slight  fibrosis  upper  lobe"  (Case  22),  "infiltration  upper  lobes"  (Case  14). 
Cases  described  as  "chronic  bronchitis"  and  as  "bronchial  asthma"  (Numbers 
24,  25,  26)  were  in  persons  aged,  respectively,  seventeen,  thirty-six,  and  fifty, 
but  had  had  a  duration  of  from  two  to  five  years.  Case  30  was  of  acute  bron- 
chitis, which  had  lasted  ten  days. 

Case  23  was  that  of  a  little  Syrian  boy,  of  nine  years,  who  died  of  his  in- 
fection several  months  after  we  first  examined  his  sputum.  This  latter  was 
very  watery  and  contained  whitish  flakes,  a  description  which  apjilies  to  most 
of  the  sputa  of  the  eases  reported  in  this  paper.  Smears  made  of  this  boy's 
sputum,  on  every  occasion  upon  which  it  was  examined,  during  the  course  of 
his  illness,  showed  numerous  spherical  yeast  bodies,  in  ones  and  twos;  many 
coecoid  forms;  and  others  intermediate  between  these  and  yeasts;  besides 
a  few  of  the  large  streptobacillus-like  growths  which,  we  have  stated,  were 
probably  mycelium  fragments.  Other  bacterial  forms  present  were  pneumo- 
cocci,  and  bacilli  resembling  Friedlander's. 

This  case,  which  the  attending  physician,  on  request,  kindlj'  brought  for 
examination,  showed  evidence  of  but  slight  fibrosis  of  the  upper  lobes  of  the 
lungs,  and  some  swelling  of  the  glands  of  the  neck.  He  coughed  a  good  deal, 
.showed  but  slight  febrile  reaction,  little  loss  of  weight,  but  a  considerable 
amount  of  debility.  Later,  the  attending  physician  reported  that  the  boy  grew 
progressively  Aveaker,  his  neck  glands  slightly  larger,  and  that  he  died  from 
what  is  sometimes  denominated  asthenia,  some  two  months  later.  Xo  autopsy 
was  obtainable. 

EFFECTS  OF  VACCINES 

In  three  of  the  eases,  in  Sea  View  Hospital,  showing  the  Penicillium  glau- 
eum  in  the  sputum.  Dr.  E.  S.  McSweeney  very  kindly  tried  autogenous  vac- 
cines, that  we  prepared,  containing  about  3000  million  of  the  yeast  form  of 
the  fungus  in  each  cubic  centimeter.  In  one  case  (E.G.)  three  injections,  8 
days  apart,  were  given,  of,  respectively,  0.055,  0.10,  0.15  c.e.  Each  time  a 
local  reaction  was  elicited.  Injections  were  stopped,  in  this  case,  as  the  pa- 
tient's general  condition  was  improving  under  the  mercurial  treatment  given 
for  .syphilis,  from  which,  as  recorded,  the  patient  was  suffering.  In  another 
case  (H.S.)  that  showing  tubercle  bacilli  in  the  sputum — two  injections  of  the 
vaccine  were  given,  both  followed  by  local  reactions,  and  the  second  (of 
0.10  c.e.)  by  a  severe  hemorrhage.  The  other  case  (M.C.)  had  eight  doses, 
running  from  0.055  to  0.4  c.e.  over  a  period  of  two  months.  As  the  injections 
gave  rise  to  marked  local  and  general  reactions  (including  rise  of  temperature 
and  increased  cough  and  expectoration)  the  treatment  was  stopped.  It  should 
be  noted  that  a  marked  reaction  also  took  place  in  the  enlarged  axillary  gland 
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of  this  patient.  The  chief  interest  of  the  experiment  with  vaccines  was,  of 
course,  the  reactions  elicited,  which  may  be  regarded  as  confirming  the  spu- 
tum and  culture  findings. 

An  apparently  successful  use  of  an  autogenous  vaccine  in  the  ti'eatment 
of  one  of  the  cases  of  this  group  was  reported  by  the  attending  physician. 
Here  a  similar  preparation  was  used  and  the  patient,  a  houseworker,  sixty- 
one  years  of  age,  who  had  suffered  from  chronic  bronchitis  for  twelve  years, 
was  entirely  rid  of  her  symptoms  (see  Case  22 — M.L.,  in  table). 

PENICILLIUM  GLAUCUM  WITH   MODIFIED  .SPORANGIUM 

In  Case  31,  examination  of  the  sputum  showed  many  organisms  in  the 
form  of  diplococci  and  diplobacilli. 

Lactic  acid  selective  media,  at  98°  F..  within  48  hours,  gave  a  growth  of 
yeasts.  By  the  third  day,  cultures  grown  at  70°  to  80°  F.  produced  a  brown 
sporulation.  Microscopic  examination  showed  a  mycelium,  with  septate  aerial 
hyphse,  bearing  sporangia  which  appeared  to  be  divided  into  4  to  12  compart- 
ments. This  organism  grew  readily  on  the  other  media,  including  Raulin's 
mentioned  above,  and  under  similar  conditions.  As  with  the  preceding  fungi, 
entirely  bacillary  forms  could  be  developed.  After  about  a  year's  cultivation, 
this  organism  lost  the  form  of  sporangium  described  and  ])r()dueed  the  free 
rows  of  conidia  typical   of  the  Penicillium  glaucum. 

CLINICAL    CHARACTER   OP   THE    CASE 

This  ease  presented  clinically,  according  to  the  attending  physician,  all 
the  features  of  a  severe  acute  bronchitis,  in  which  the  lung  symptoms  were 
so  marked  as  to  lead  him  to  have  the  sputum  examined  in  order  to  rule  out 
tuberculosis.  The  case  entirely  recovered,  within  a  few  weeks,  under  the 
usual  treatment. 

PATHOGENIC    MUCORS 

Mucor  Corijtnhifcr. — Besson  (previously  ipioted,  page  fiT?)  says:  "It  is 
pathogenic  for  rabbits.  It  has  lieen  found  in  man  in  the  ear  and  in  the  phar- 
ynx (Siebenham,  Huekel,  aiul  ntliers).  One  case  of  generalized  mucor  mycosis 
in  man,  in  which  the  symjitoms  were  of  a  typhoid  nature,  was  attributed  to 
this  parasite  (Paltauf)  ;  and  it  would  seem  that  the  two  cases  of  human  my- 
cosis (pulmonary  mucor  mycosis)  described  by  Furbinger.  and  referred  to 
above,    sliould    be    attrilinli'd    to   tiiis   s]iecies    rather    than    tn   uuieor    mm-edo." 

In  cases  !)  and  '11  of  the  present  series,  the  spuluin.  upiui  (»xamination, 
showed  a  greal  many  large  cdccus  forms,  a  few  yeast  bodies  in  couples,  and 
bacillus-like  pieces  of  myceliiun.  On  standinu-,  at  i-ooni  teiiipei-alure.  for  some 
days,  a  surface  growth  developed  on  the  si)ntniii.  showing  coal  black  s])ornla- 
tion.  This  prox'cd  to  be  the  sanu'  fungus  described  in  the  t'ollowiiig,  isolated 
by   means   of   the   seleetixe   media. 

On  the  lactic  acid  medium  there  developed,  in  tlu'  lirst  generation,  in 
forty-eight  lujurs  at  70  to  !^0  !•'.  (later,  in  replants,  in  24  lioursi  a  lila(d\ 
sporulation.  wliieli.  inici-oscopically,  had  the  ajiiiearance  of  that  shown  b\-  the 
mucor  corymliiler.     ( »n  the  same  medium,  at  body  temperature,  distinct  yeasts 
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were  produced,  which,  however,  were  mixed  with  branchings  of  the  mycelium, 
as  this  organism  developed  to  sporulation  at  both  temperatures,  and  on  all 
medias  tried,  which  included  Loeffler,  plain  nutrient  agar,  and  Raulin's.  Beady 
bacillus  forms  were  developed  by  transplants  and  retransplants  on  Loeffler 
(incubated  at  body  temperature)  made  before  the  sporulation  stage  had  been 
reached. 

CLINICAL  CHARACTER  OF  CASES 

Case  27  was  a  man  of  60  years  of  age,  weighing  186  pounds,  a  writer  by 
profession.  He  had  been  treated  for  what  his  physician  diagnosed  as  "bron- 
chial asthma"  for  sixteen  years,  and,  recently,  had  lost  some  weight  and  had 
developed  a  most  persistent  and  harassing  cough.  Besides  the  usual  medica- 
ments, his  physician  used  a  vaccine,  which  we  made  of  the  organism  isolated, 
but  without  result.  He  informed  us  that,  although  he  had  pushed  the  dosage, 
no  reaction,  whatever,  could  be  obtained.  Patient  was  sent  to  a  sanatori\im 
and,  when  heard  from  last  had  made-slight  improvement. 

In  the  other  case  showing  the  same  organism  (No.  9,  B.S.,  Sea  View  Hos- 
pital) Dr.  McSweeney  gave  ten  injections  of  a  vaccine  (autogenous  in  yeast 
form)  over  a  period  of  two  months,  without  other  result  than  regularly  recur- 
ring local  reactions. 

ASPERGILLUS  FUMIGATUS 

Besson  (previously  quoted,  page  695)  says  of  this  fungus:  "Laulanie  has 
.shown  that  Aspergillus  fumigatus  is  capable  of  producing  a  condition  of  pseu- 
dotuberculosis when  inoculated,  experimentally,  into  animals.  Cases  of  pseudo- 
tuberculosis, due  to  an  aspergillus,  have  also  been  recorded  by  several  observers 
as  occurring  in  the  human  subject.  Aspergillus  fumigatus  has  been  found  in 
infections  of  the  ear  and  nasopharynx,  and  in  cases  of  keratitis  with  hypopyon 
following  wounds  of  the  eye  caused  by  vegetable  tissues. 

"Pigeon-crammers  are  very  subject  to  aspergillary  pseudotuberculosis. 
In  pigeons  there  is  often  a  'chancre'  on  the  buccal  mucous  membrane  due 
to  an  aspergillus.  The  disease  is  also  found  in  hair-combers  who  use  flour  of 
rye — which  is  often  infected  with  spores  of  aspergillus — for  removing  the 
grease  from  hair.  In  human  aspergillary  pseudotuberculosis  the  fungus  is 
often  associated  with  the  tubercle  bacillus.  Aspergillus  fumigatus  has  also  been 
found  in  the  lesions  of  pneumomycosis  in  the  horse  and  cow.  Renon  has  found 
that  by  sowing  millet  seeds,  vetch,  oats,  maize,  wheat,  and  other  varieties  of 
corn  on  appropriate  media,  cultures  of  various  species  of  aspergilli  can  be 
obtained,  the  commonest  being  aspergillus  fumigatus." 

The  sputum  of  Case  28  showed  many  diplococci  and  large  cajisulated  strepto- 
bacilli — the  latter  might  be  called  fragments  of  mycelium. 

Upon  the  lactic  acid  selective  media,  yeast  forms  developed  at  body  temper- 
ature ;  and  the  same  went  on  to  branchings  and  mycelium  production,  Avithin 
72  hours,  at  70°  to  80°  F.  Good  growth  was  obtained  on  Raulin's  medium. 
Bacillary  forms  were  produced  on  Loeffler.  incubated  at  body  temperature, 
after  a  few  transplants. 
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CLINICAL  CHARACTER  OF  CASE 

Clinically  this  case  was  reported  to  have  all  the  characteristics  of  a 
chroiiic  "lunger",  and  to  have  spent  some  time  at  Saranac  Lake,  previously, 
with  more  or  less  benefit. 

ABORTED    FUNGI 

Sputum. — Examination  of  smears  of  the  sputum  of  the  remaining  thirteen 
cases,  of  the  series  of  thirty-one,  gave  results  as  follows : 

Cases  1,  7,  18,  20,  coecoid  forms,  only. 

Cases  13,  29,  coecoid  and  bacilloid  forms. 

Cases  3,  5,  6,  10,  16,  17,  19,  coecoid  forms  and  j'easts. 

Cultures. — Upon  the  lactic  acid  selective  media,  under  the  conditions  de- 
scribed in  the  foregoing,  plants  made  from  the  sputa  of  eleven  of  these  thir- 
teen cases  developed  yeast  bodies.  Cultures  from  Cases  1  and  3  (on  this 
media)  did  not  grow,  although  many  yeasts  were  present  in  the  sputum  of 
Case  3.  Upon  alkaline  or  neutral  nutrient  agar,  cultures  from  the  two  last 
mentioned  cases  showed  beady  bacilli  and  many  oval,  non-stain-takiug  forms. 

All  of  the  yeasts  (in  the  eleven  cultures  showing  these  bodies)  showed  a 
tendency  to  the  production  of  mycelium,  as  many  ground-hyphse  were  pro- 
duced, but  none  developed  aerial  hyphae  or  terminal  spores.  Upon  LoeiHer, 
at  98°  F.,  all  the  yeast  cultures,  except  those  from  Cases  5  and  10,  readily 
developed  a  bacillus  form^ — this,  evidently,  being  simply  the  continued  propa- 
gation of  the  hyphae,  with  slight  modifications  caused  by  the  conditions,  and 
in  the  course  of  which  the  filaments  became  more  slender  and  tended  to  break 
up  at  the  septa. 

Cultures  from  cases  5  and  10,  both  showing  many  yeast  forms  in  the 
sputum,  held  very  persistently  to  this  form,  showing  only  an  occasional  hypha, 
during  more  than  a  year  of  cultivation.  A  mycelium-producing,  or  bacillus, 
form  Avas  finally  developed  Ijy  repeated  transplants  on  2  per  cent  maltose 
agar,  incubated  at  70°  to  80°  F.,  until  a  feathery  edge  was  observed  on  the 
outer  edge  of  the  colony  masses.  This  feathery  edge  was  found  to  consist  en- 
tirely of  mycelium.  Careful  transplants  were  made,  so  as  to  avoid  carrying 
over  any  yeast  forms,  to  Loeffler,  and  incubated  at  body  temperature,  with  the 
result  desired — cultures  shoAving  only  filaments,  which  tended  more  and  more 
to  break  up  into  the  bacillus  form,  finallj-  becoming  tj-pical  bacilli. 

No  culture  from  the  cases  included  under  this  heading  developed  into  a 
definite  higher  fungus,  although  some  showed  long  streptothrix-like  branch- 
ings which,  in  two  instances,  showed  wliat  niiglit  be  called  lei'niinal  luids  or 
spore-pods. 

In  Case  10  (Sea  View  Hospital)  Dr.  McSweeney  tried  an  autogenous 
vaccine,  in  the  yeast  form,  giving  twelve  small  doses  over  a  ]ieriod  of  three 
months.    No  result,  jjoyond  a  regularly  recurring  local  reaction,  followed. 

CONCLUSIONS 

1.  Various  liigher  fungi  may  be  cultivated  from  the  sputa  of  eiirouic 
nontuberculous,  and  probably  from  many  cases  of  tuberculous  lung  disease. 
This  is  most  easily  done  through  the  use  of  selective  media. 
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2.  Evideuce  is  adduced  that  such  organisms  are  extremely  numerous  in 
such  sputas,  and  that  they  probably  are  potent  in  the  disease  process,  acting 
alone  in  some  cases,  and  in  cooperation  with  the  tubercle  bacillus  in  a  few 
others. 

3.  As  of  assistance  in  the  eventual  complete  identification  and  classifica- 
tion of  the  organisms  to  be  found  in  sputa,  it  is  thought  that  important  evi- 
dence has  been  adduced  of  the  extreme  pleomorphism  of  certain  fungi,  prob- 
ably common  therein  under  forms  morphologically  representing  yeasts,  cocci, 
and  bacilli. 
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ON  THE  PREPARATION  OF  METAL  SALTS  OF  THIOGLYCOLLIC 

ACID* 


By  C.  N.  Myers,  Ph.D.,  Washington,  D.  C. 


A  DESIRE  to  study  the  relative  toxicity  of  heavy  metals,  when  combined 
with  a  common  ion,  and  the  effect  of  these  compounds  upon  parasites, 
suggested  the  preparation  of  an  extensive  series  of  heavy  metal  salts  suitable 
for  a  biological  investigation  under  uniform  conditions. 

The  widespread  occurrence  of  diseases  caused  by  parasites,  in  animals 
and  in  man,  has  led  to  numerous  efforts  to  improve  the  treatment  of  these 
disea.ses  through  the  preparation  of  chemical  compounds  which  can  be  admin- 
istered safely  and  effectively.  In  order  to  meet  the  demands  of  this  parasitic 
invasion,  a  definite  knowledge  of  the  ehemotherapeutic  agents  at  our  disposal 
must  be  obtained.  A  knowledge  of  the  difficulty  of  curing  cases,  in  the  incipi- 
ent as  well  as  in  the  later  stages  of  development,  makes  it  necessary  to  pro- 
duce ehemotherapeutic  agents  which  are  potentially  powerful  enough  to  de- 
stroy the  parasites  initially,  and  later  in  the  reproductive  cycle.  Furthermore, 
the  drug  must  show  marked  efficiency  in  sterilizing  the  tissues  which  have 
undergone  this  parasitic  invasion. 

In  order  to  replace  any  of  the  substances  now  employed  for  this  purpose, 
a  drug  must  show  a  marked  superiority  in  adaptability  for  administration, 
either  intravenou.sly  or  subcutaueously.  The  solubility  of  the  drug  in  the 
presence  of  the  body  fluids,  and  the  tendency  toward  decomposition  are  two 
other  chemical  factors  necessarj^  to  observe  in  the  preparation  of  the  com- 
pound to  be  used  for  this  purpose.  The  fact  that  the  free  acid  salts  of 
thioglycollic  acid  are  quite  insoluble  in  water  renders  it  impracticable  to  use 
this  combination.  To  obviate  this  difficulty  the  sodium  salt  was  used  in  the 
study  upon  animals.  The  study  of  arsenicals  and  antimonials,  and  various 
dyestuffs,  has  been  of  the  greatest  importance;  the  work  of  Ehrlich,  his  co- 

*From  the  Hygienic  Laboratory,  Washington,  D.   C. 
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■workers  and  contemporaries,  is  so  -svell  knoAvii  that  it  needs  mily  passing  ref- 
erence in  respect  to  this  study  of  heavy  metals.  In  this  paper  will  be  found 
the  methods  of  preparation  used  by  the  author  in  making  the  heavy  metal 
salts  of  thioglycollic  acid.  The  main  desire  was  to  obtain  compounds  of  sim- 
ple combination  and  of  a  high  degree  of  purity.  Controversies  over  con- 
stitution and  complex  formations  are  only  of  passing  interest  in  this  connec- 
tion. The  following  characteristics  determined  the  choice  of  this  acid:  fir.st, 
it  is  a  comparatively  strong  acid ;  secondly,  it  very  easily  forms  salts  with 
heavj^  metals;  thirdly,  the  anion  is  practically  inactive  physiologically,  thus 
giving  a  total  effect  due  entirely  to  the  heavy  metal:  lastly,  it  gives  a  sodium 
salt  readily  sohable  in  water. 

HISTORICAL 

Carius  (1862)  investigated  the  action  of  the  alkali  sulphides  upon  mon- 
ochloracetic  acid,  and  in  this  investigation  succeeded  in  producing  thioglycollic 
acid.  He  believed  that  concentrated  solutions  of  the  two  compounds  were 
necessary,  but  one  must  remember  that  the  effects  of  mass  law  and  dilution 
Avere  scarcely  thought  of  at  this  time.  Likewise  the  tlieory  of  ionic  and  molec- 
ular activity  was  not  yet  conceived.  Carius  recommended  the  use  of  three 
parts  of  monochloracetic  acid  and  five  parts  of  a  very  concentrated  solution 
of  potassium  sulphhydrate.  The  mixture  was  heated  to  boiling,  on  an  oil  bath, 
and  allowed  to  remain  at  this  temperature  3  to  4  hours.  The  acid  was  precip- 
itated as  the  barium  salt,  and  later  obtained  by  decomposing  this  salt  with 
hydrochloric  acid. 

Claes.son  (1877)  described  the  method  generally  in  use  at  present  for 
preparing  this  acid.  He  first  pointed  out  the  fact  that  salts  of  three  different 
ty]3es  could  be  formed  and,  furthermore,  showed  that  complexes  of  these 
tyijes  could  likew^ise  exist.  The  constitution  of  these  complexes  has  been 
the  source  of  considerable  controversy.  Claesson  here  comprehended  the  re- 
lation of  mass  law  to  the  yield,  but  did  not  realize  it  until  his  later  work 
with  Carlson,  which  showed  definitely  how  hydrolysis,  mass  law,  and  dilu- 
tion worked  together  to  give  almost  quantitative  results.  Claesson  and  Carl- 
son (1906)  found  that  it  required  only  «  to  10  minutes  to  reach  equilibrium. 
The  fact  which  is  important  is  so  to  regulate  the  masses  of  salts  and  their 
solvents  that  the  un-ionized  molecules  can  react  with  the  greatest  efficiency. 

In  this  connection  we  have  an  excellent  analogy  in  the  quantitative  .stud- 
ies of  Acree  (1906)  and  his  collaborators  in  which  they  studied  the  reactions 
of  ions  and  molecules  at  constant  tempei-ature  with  sulphur  containnig  com- 
pounds.   Reactions  of  the  following  nature  show  these  facts: 

ROOCCPLCl  +  NaSH  =  ROOCCILSH  +  NACl 
CIIjCI  +  NaS  iiiazole  =  CHjS  urazole  +  NaCl 

C,H„N,OS  +  ICH.  -»  (\H„N,OSC,H.  +  I 
0,H„N,OSNa  +  ICII,  -^  rji,N,,OSCH,  +  Xal 

\ii  the  above  case  it  ■was  sho\\ii  that  the  \alue  for  Ki  ^  0.4;),"),  and  Km  ^ 
0.170.  In  other  words  the  ionized  sodium  1  ])henyl-3-thiourazole  reacts  2..5 
times  as  rapidly  as  the  undissoeiated  part.  These  facts  are  obtained  from  the 
well-known  ei|\iatioiis  for  reactiim  A'clocities  used   in  the  Organic  Laboratory 
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of  Johns  Hopkins  University.  These  same  facts  hold  true  in  the  case  of 
nitriles  catalyzed  by  sodium,  potassium,  and  lithium  ethylates  in  alcoholic 
solutions  as: 

I.  ECX+  CH-OH  +  MOCH.  ^±  EC(  :^''H)OC..H,  +  MOC,H,  +  C.,H,OH 
II.  RCOOCH,  +  NaOCH.  +  cIHjOH  in  excess ->  ECOOaH, +XadCH,  +  C.,H-OH   iu  excess 
-^  ECOOC.Hj  •;-  NaOa'H,  +  CH^OH 

+  "  - 

III.  C„H,C(  :NH,)OaH-  +  H,0  ->  C,H,COOC,H.  +  XH, 

We  are  beginning  to  realize  the  importance  of  the  true  mechanism  of 
chemical  reactions  and  are  preparing  our  compounds  accordingly.  The  tran- 
sition of  thioglyeoUic  acid  into  thiodiglyeollic  acid  is  a  most  striking  illus- 
tration of  this  point. 

Liebermann  and  Lange  (1881)  in  studying  the  constitution  of  the  pheuyl- 
sulphydantoins,  prepared  the  lead  salt  of  thioglyeoUic  acid,  but  their  analyses 
did  not  prove  the  existence  of  a  pure  lead  salt  of  the  composition  (C2H3S0,)2 
Pb. 

Ramberg  (1906)  studied  the  constitution  of  the  antimony  salt,  which  seems 
to  be  the  best  worked  out  of  any  of  the  thioglyeollates.  There  is  an  almost 
uniform  agreement  that  it  is  a  lactone  form.  The  work  in  this  laboratory  con- 
firms this  point  of  view. 

Biilmann  (1905),  in  studying  the  xanthogenic  acids,  found  a  method  of 
saponifying  them  with  ammonia,  with  the  formation  of  thioglyeoUic  aeid. 
The  method  employed  by  Biilmann  consisted  essentially  in  carrying  out  the 
reaction  according  to  the  following  equations: 

C,H,OCSSK  +  C1CH,C00K  =  C,H,OCSSCH„COOK  +  Kfl 
C,"H,0CSSCHX00H  +  2XH3  =  C.H.OCSKH,  +  HSCHX'OOXH, 

Eighty  grams  of  potassium  xanthogenate  (one-half  molecule)  were  dis- 
solved in  one  hundred  grams  of  water,  and  twentj'-eight  grams  of  sodium 
carbonate  were  added.  A  neutral  solution  of  monoehloracetic  acid  was  pre- 
pared by  dissolving  forty-seven  and  a  half  grams  of  the  acid  in  200  grams  of 
cold  water  and  neutralizing  with  potassium  hydroxide.  The  two  solutions 
were  put  together  and  allowed  to  stand  overnight  at  ordinary  temperature. 
The  mixture  was  acidified  with  one  hvindred  cubic  centimeters  of  thirty  per 
cent  hydrochloric  acid.  Xanthogeniacetic  acid  separated  out  as  a  heavy  yellow 
oil,  the  yield  being  93  per  cent.  Fort,v-five  grams  of  the  xanthogeniacetic  aeid 
are  dissolved  iu  a  mixture  of  40  c.e.  of  concentrated  ammonia  water  and  200 
c.c.  of  absolute  alcohol.  The  mixture  is  allowed  to  stand  in  a  stoppered  flask, 
at  room  temperature,  for  48  hours.  It  is  evaporated  with  alcohol  and  am- 
monia on  a  water-bath.  The  mixture  is  then  acidified  with  hydrochloric  acid 
gas  and  the  thioglyeoUic  acid  extracted  with  ether  and  purified  in  the  usual 
manner.  There  is  a  yield  of  70  per  cent  in  this  case.  The  acid  is  determined, 
quantitatively,  by  determining  the  amount  of  iodine  used  in  the  condensation 
of  thioglyeoUic   acid   into   thiodiglyeollic   acid: 

SCILCOOH 
2HSCH  COOH  +  I,  =  2HI  -I  | 

SCILCOOH 
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Biilmann  also  prepared  other  thioacids,  both  aromatic  and  aliphatic,  by 
using  this  same  principle. 

The  cause  of  the  formation  of  thiodiglycollic  acid  is  found  in  the  weakly 
acid  character  of  the  SH  group  in  thioglj'collic  acid,  which  group  is  partially 
converted  into  SK  by  alkaline  solution  of  potassium  sulphhydrate. 

For  example: 

I.  CH.CICOOK  +  KSH  =  CH,SHCOOK  +  KCl 
II.  CH.SHCOOK  +  KSH  =  KOOCCH,SK  +  H,S 
III.  KObCCH,SK  +  ClCH,COOK  =  (KOOCCHJ.S  +  KCl 

In  the  production  of  a  quantitative  yield,  the  reaction  should  proceed  as 
follows: 

I.  CH„CICOOH  +  2KSH  =  CH.SHCOOK  +  KCl  +  H.S 
II.  CH'CICOOH  +  K8n  =  CCICOOK  +  H,S 
CH.CICOOK  +  KSH  =;  CII,SHCOOK  +  KCl 

In  either  case  the  yield  is  good,  if  the  reacting  substances  are  kept  within 
these  proportions.  The  acid  may  first  be  neutralized,  and  then  treated  with 
1  molecule  KSH  or  with  2  molecules  KSH  as  in  equation  I. 

Claesson  and  Carlson  (1906)  studied  the  replacement  of  CI  by  SH  in  the 
ease  of  monochloracetic  acid  and  found  the  following  interesting  values,  which 
in  turn  show  the  direct  application  of  mass  law  and  dilutions: 

CICILCOOH  HSCH.COOH  Yield  in 

ill  parts                                    KSH  grams  formed  per  cent 
of  water 

0  50  per  cent                                 2.81  g.  57.7 

1  50  per  cent                                 3.1.5  64.2 

2  50  per  cent                                 3.60  73.9 

3  30  per  cent                                 4.45  91.3 

5  20  per  cent  4.71  96.7 

6  10  per  cent  4.85  99.6 

From  this  table  the  increase  in  yield  is  very  marked  in  the  dilute  solutions. 
In  work  carried  out  in  connection  with  this  investigation,  a  yield  of  90  per 
cent  was  the  best  that  was  obtained.  This  table  is  of  importance  in  that  it 
shows  very  clearly  how  we  may  secure  the  best  yield  of  acid. 

By  examination  of  the  formula  for  thioglycollic  acid  it  will  readily  be 
seen  that  we  are  dealing  with  a  dibasic  acid  containing  a  weakly  acid  group, 
RSH,  and  a  stronger  carboxylic  acid,  RCOOII. 

HSCH.COOH  Free  acid 

I.  MSCH.COOH  Salts  of  the  weaker  acid 

II.  HSCH,COOJI  Salts  of  the  stronger  acid 

III.  MSCH,COOM  Salts  of  both  acid  groups 

Thus  it  is  easily  seen  that  there  may  be  a  large  series  of  compounds  formed 
depending  largely  upon  the  method  of  preparation.  In  this  investigation 
the  preparations  from  the  lieavy  metals  liave  been  essentially  that  of  Type 
I,  while  the  alkali  metal  replaced  the  hydrogen  ion  of  the  carboxylic  group. 

Properties  of  thioglycollic  acid  (mercapto-acetic  acid,  monosulphoacetic 
acid).  It  is  a  viscous  iluid  with  a  specific  gravity  at  20°  C.  of  1.3253.  It  is 
purified  by  vacuum  distillation,  and  the  following  data  iirc  uivcii  by  Biilmann 
for  distillation:  123°  C.  29  mm.  pressure;  107-8°   C.  at  Ki  nuii.  pressure:  115° 
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C.  at  first,  theu  103-5°  C.  at  14  mm.  pressure.  lu  100  i^er  cent  tluooflycollie  acid 
the  followiug  transformation  takes  place  very  easily. 

CH,, 

A 

HSCH,COOH^S<    I  +H.0 

\l 

c=o 

Heat  easily  transforms  it  into  tliiodiglycollie  acid,  which  is  a  solid  of  unpleas- 
ant odor.  Thioglycollic  acid  has  an  odor  very  similar  to  that  characteristic  of 
the  skunk.  It  is  soluble  in  water,  alcohol  and  ether.  A  description  of  the 
■other  properties  and  the  salts  is  found  in  Beilstein  (1893). 

Ostwald,  in  his  work  on  conductivity,  found  the  value  of  K  to  be  0.0225 
for  thioglycollic  acid.  Claesson  and  Carlson  (1906)  give  the  following  values 
for  conductivity  data: 


V 

m 

oc 

K 

10 

20.27 

0.0527 

0.0293 

50 

43.70 

0.11.3S 

0.02SS 

100 

60.29 

0.1570 

0.0292 

500 

120.84 

0.3147 

0.0289 

1000 

158.78 

0.4135 

0.0291 

2500 

217.27 

0.5658 

0.0295 

K  =  0.0291 

a:=384 

This  table  shows  that  we  are  dealing  with  an  acid  that,  in  X/'2500  solution, 
is  only  about  56  per  cent  dissociated.  Since  this  is  the  case,  about  44  per  cent 
remains  molecular,  and  it  is  of  interest,  physically,  to  observe  that  we  have 
here  a  reaction  in  which  molecules  and  ions  both  take  part,  in  order  to  give 
us  a  quantitative  yield. 

Various  methods  of  jireparing  the  metallic  compounds  have  been  sug- 
gested. In  brief,  it  can  be  stated  that  the  chloride  or  the  oxide  is  generally 
used.  However,  a  deviation  from  this  procedure  has  been  necessary,  and  ad- 
visable, in  preparing  salts  of  the  rare  elements,  in  many  cases  Avhere  hydrol- 
ysis or  decomposition  takes  place  readily.  The  mixed  salts  obtained  by  other 
investigators,  as  also  any  other  salts,  will  be  discussed  briefly  in  this  paper. 

It  was  found  advisable  to  make  the  free  acid  in  small  lots.  One  hundred 
gram  portions  of  monochloracetic  acid  were  dissolved  in  500  grams  of  dis- 
tilled water,  and  this  was  treated  with  the  theoretical  amount  of  potassium 
sulphhydrate,  where  two  molecules  of  sulphhydrate  are  used  with  one  of  mono- 
chloracetic acid.  A  large  tlask  was  used  for  mixing,  and  this  was  kept 
under  a  good  hood.  After  ten  minutes,  with  fi'equent  shaking,  the  contents 
were  placed  on  a  steam  bath  until  the  excess  of  hydrogen  sulphide  was 
volatilized.  The  solution  was  concentrated  in  vacuo.  Barium  chloride  was 
added  in  excess,  and  the  solution  allowed  to  cool.  Success  in  securing  the 
barium  salt  was  poor.  However,  by  treating  with  HCl  and  extracting  with  ether, 
good  yields  of  the  free  acid  were  obtained.  The  acid  was  placed  over  calcium 
chloride  and  then  purified  twice  by  vacuum  distillation.  Extraction  is  con- 
tinued until  no  further  test  for  thioglycollic  acid  is  obtained.  The  test  em- 
ployed, consists  in  the  use  of  a  few  cubic  centimeters  of  the  solution  in  ques- 
tion, diluted  to  15  or  20  c.c.    Add  two  drops  of  ferric  chloride  and  then  a  drop 
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of  ammonia ;  a  deep,  Burgundy  red  will  indicate  thioglycollie  acid.  Dithiogly- 
eollic  acid  does  not  give  this  reaction.  The  pure  product  is  kept  in  vacuum 
desiccators  until  used.  The  following  metals  were  used  in  this  investigation : 
antimony,  arsenic,  bismuth,  cadmium,  cerium,  chromium,  cobalt,  copper,  gold, 
iron,  lead,  manganese,  mercury,  mol.ybdenum,  nickle,  platinum,  rubidium, 
silver,  tellurium,  thallium,  tin,  titanium,  tungsten,  uranium,  vanadium  and 
zinc.  These  elements  were  obtained  as  pure  as  possible  either  in  the  form  of 
the  metal  or  of  its  soluble  salts. 

BISMUTH — SODIUM   THIOGLYCOLLATE 

Ten  grams  of  fresh  thioglycollie  acid  were  exactly  neutralized  with  sodium 
hydroxide,  u.sing  phenolphthalein  as  an  indicator.  It  is  always  necessary  to 
dilute  the  free  acid  with  water  and  then  slowly  neutralize  with  the  alkali.  Un- 
less these  steps  are  taken,  the  heat  liberated  by  the  reaction  will  convert  the 
acid  into  thiodiglycollic  acid.  A  slight  iDink  color  appears  near  the  neutral 
point.  The  bismuth  salt  was  prepared  by  treating  bismuth  suboxide  Avith 
the  sodium  salt  of  thioglycollie  acid.  The  suboxide  was  prepared  by  the 
method  of  Schneider  (1850).  The  suboxide  was  suspended  in  an  alkaline 
solution  and  the  solution  of  sodium  thioglycollie  acid  added  to  it  in  the  cold, 
for  the  reason  that  the  bismuth  salt  would  have  a  tendency  toward  decompo- 
sition or  oxidation  of  the  suboxide.  No  perceptible  reaction  took  place  and, 
after  a  couple  of  hours,  the  mixture  was  heated  to  90°  C.  on  a  Avater-bath  with 
consideral)le  shaking.  The  flask  was  removed  and  the  shaking  was  con- 
tinued for  one  hour.  A  slight  excess  of  sodium  thiogly collate  was  added, 
and  the  excess  of  Bi^Oo  filtered  off.  A  clear  canary  yellow  solution  remained. 
By  cooling  a  sample  of  this  solution  in  a  freezing  mixture,  the  crystallhie 
sodium  salt  appeared.  The  free  acid  salt  of  bismuth  was  obtained  by  de- 
composition Avith  hydrochloric  acid.  Considerable  care  should  be  used  in 
this  process,  for  the  reason  that  the  free  acid  salt  is  soluble  in  an  excess 
of  free  mineral  acid.  The  canary  yellow  i^recipitate  is  filtered  oif  and  dried 
in  a  vacuum  desiccator,  after  washing  it  free  of  hydrochloric  acid.  The  dry 
acid  salt  retains  its  canary  yellow  a]ipearance  even  after  long  standing.  The 
solution  is  easily  changed  by  the  action  of  light,  with  the  formation  of  a 
dark  precipitate  which  proved  to  l)e  bismuth  sulphide;  exposure  to  air  pro- 
duced the  same  result.  These  two  facts  prove  that  all  solutions  for  thera- 
peutic purposes  must  be  made  u])  just  before  use. 

A  second  experiment  was  carried  out  by  using  the  oxide  usually  found 
in  commerce,  Bi^Oj.  The  procedure  was  the  same  as  outlined  above  and  the 
product  was  the  same.  A  sample  of  each  product  was  ])laced  in  a  melting  point 
tube,  and  i(  was  found  1liat  softening  look  jilacc  at  1(17  C  in  each  case.  At 
158°  melting  took  jjlacc.  and  continued  heating  c.iused  deconi]iosi1ion.  In 
the  open  air,  the  odor  of  burning  sid|>lnir  was  very  noliceable  mIh'ii  another 
test  portion   was  heated  to  the   decomposition   point. 

A  lliird  expei'inicnl  was  tried  by  using  an  acfucous  solution  of  thiogly- 
collie acitl  and  bismulli  oxiile.  Tlie  reaction  i)roceeded  very  slowly  and  after 
several  hours  il  was  imjxissible  to  sepai'ate  the  acid  salt;  the  decomposition 
was  considerable.     There  was  no  doubt  of  a  reaction  having  taken  place. 
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However,  the  medium  was  not  satisfactory  for  the  isolation  of  a  stable  salt 
and,  in  all  i^robabilitj',  one  of  the  complex  salts  was  formed.  Neither  an 
alkaline,  an  acid,  nor  even  a  neutral  medium  seemed  conducive  to  the  forma- 
tion of  a  stable  salt. 

Salts  of  this  composition  have  been  reported  :  Bi(SCH,.C00H)3 ;  Bi(SCH2. 
C00)3Bi;    Bi(SCH,.COOH)3(HSCHX'OOH)3    5H,0 ;    Bi(SCH,COOH),    6H,6. 

Bismuth  found,  43.11  per  cent;  calculated  from  formula  Bi(SCH2C00H)3, 
43.44  per  cent. 

COPPER — SODIUM   THIOGLYCOLLATE 

Cuprous  h.vdrate  was  prepared  by  acidifying  cuprous  chloride  and  pre- 
cipitating the  yellow  hydi-oxide  by  means  of  an  excess  of  free  fixed  alkali. 
The  excess  of  alkali  was  removed  by  repeated  decantation,  thus  preventing  the 
oxidation  of  the  cuprous  salt  by  keeping  it  constantly  under  the  surface  of 
the  liquid.  The  suspended  hydroxide  was  agitated  with  an  excess  of  sodium 
thioglycollate  solution.  The  reaction  was  quite  rapid.  The  solution  at  first  ap- 
peared canary  yellow  and,  as  the  end  point  was  reached,  it  liecame  quite 
dark,  indicating  decomposition.  More  sodium  thioglycollate  ^\■as  added  and 
the  yellow  color  reappeared.  The  solution  was  cooled  in  an  ice  mixture  and 
the  free  acid  salt  was  obtained  by  the  addition  of  ten  per  cent  sulphuric 
acid.  Any  other  mineral  acid  causes  decomi^osition.  The  moist  free  acid 
salt  is  yellow  in  appearance  and  decomposes  upon  standing  in  the  open.  The 
excess  of  sulphuric  acid  is  removed  by  washing  with  water  containing  free 
thioglycollic  acid.  The  salt  is  dried  in  vacuum.  Alcohol  cannot  be  used  in 
this  preparation  as  it  hastens  decomposition.  The  dry  free  acid  salt  becomes 
steel  gray  in  appearance.  The  acid  salt  is  not  verj'  soluble  in  water,  however, 
the  sodium  salt  dissolves  quite  readily  but  must  be  iised  almost  immediately, 
on  account  of  decomposition.  The  solution  does  not  precipitate  blood  serum. 
Analyses  showed  that  the  salt  contained  41.01  per  cent  Cn ;  calculated  from 
the  formula  CuSCH.COOH,  41.10  per  cent.  Sulphur  calculated  20.09;  found 
19.95. 

RUBIDIUM — SODU'M    THIOGLYCOLLATE 

Sodium  thioglycollate  in  solution  was  treated  with  a  ten  per  cent  solution 
of  rubidium  carbonate.  Carbon  dioxide  Avas  evolved  and  the  solution  became 
pink  in  color.  By  the  addition  of  alcohol  and  ether  a  precipitate  separated. 
This  was  dried  in  vacuum.  The  solution  used  was  pink,  but  i;pon  long  stand- 
ing it  became  a  light  yellow.  The  rubidium  content  was  determined  as  the 
double  chloride  of  platinum,  PtRbjCl^.  Analyses  showed  that  the  salt  con- 
tained 36.10  per  cent  Rb,  calculated  from  the  formula  RbSCHXOONa  2  H.,0, 
33.49. 

SILVER — SODIUM    THIOGLYCOLLATE 

The  sodium  salt  of  thioglycollate  acid  was  treated  with  fresh  silver  oxide 
suspended  in  water.  The  first  portion  went  into  solution  very  readily  and 
the  solution  became  light  yellow  in  appearance.  With  continued  addition  of 
the  oxide,  the  solution  became  dark  brown.  The  solution  was  filtered,  to  re- 
move any  solid  particles,  and  then  concentrated  under  diminished  pressure. 
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The  sodium  salt  was  prec-ipitated  as  an  amorphous  powder  by  means  of  al)- 
sohite  alcohol.  It  has  a  yellow  appearance  which  changfi^,  on  standing  a 
long  time,  to  a  grayish  brown.  The  salt  is  readily  soluble  in  Avater,  but  in 
solution  gradually  decomposes  with  the  formation  of  silver  sulphide.  Anal- 
yses showed  that  the  salt  contained  48.60  per  cent  Ag;  calculated  from  the 
formula  AgSCH.COOXa,  48.82. 

GOLD SODU'M    THIOGLYCOLLATE 

Two  experiments  were  carried  out  in  the  preparation  of  the  gold  salt.  In 
one  ca.se  the  hydroxide  was  used  and  in  the  other  the  sodium  gold  chloride. 
The  latter  gave  the  better  results.  The  sodium  salt-  of  thioglycollic  acid  in 
water  was  treated  with  a  suspension  of  gold  hj'droxide.  The  first  portions 
went  into  solution  very  readily  Avith  no  color  change.  In  the  next  stage, 
addition  of  more  hydroxide  caused  a  deep  purple  color  to  appear  in  a  perfectly 
clear  solution.  I  Further  addition  causes  a  dirty  green  precipitate  to  form, 
and  a  still  further  addition  gives  a  yellowish  brown  precipitate.  This  yellow 
precipitate  could  not  be  gold  hydroxide,  for  the  reason  that  gold  hydroxide 
is  .soluble' in  an  excess  of  fixed  alkali.  This  precipitate  was  soluble  in  mineral 
acids,  and  was  reprecipitated  with  the  addition  of  alkali;  it  had  a  tendency 
to  turn  dark  purple  upon  standing  in  the  sunlight.  It  could  not  be  obtained 
in  crystalline  form. 

In  the  second  preparation,  sodium  gold  chloride  was  used.  The  sodium 
salt  of  thioglycollic  acid  was  treated  with  sodium  gold  chloride  with  the  for- 
mation of  a  light  yellow  precipitate.  An  excess  of  sodium  thioglycoUate  was 
always  present.  The  precipitate  was  filtered  off,  washed  with  ether  and  dried 
in  vacuum.  It  turned  a  light  brown  color  when  dried.  The  salt  was  amorphous 
and  readily  soluble  in  water,  forming  a  clear  yellow  solution  which  was  very 
stable.  Analyses  showed  that  the  compound  contained  59.78  per  cent  gold.  A 
compound  of  the  composition  AuSCH^COONa  (HjO)  would  contain  60.06 
per  cent  Au;  sulphur  calculated  9.74,  found  9.98.  The  salt  must  be  well 
powdered  after  drying,  and  then  it  is  necessary  to  macerate  it  in  order  to 
hasten  solution.  Addition  of  physiologic  salt  solution  causes  the  salt  to  de- 
compose, the  solution  becoming  red,  or  almost  similar  to  a  colloidal  gold 
solution.  It  is  not  advisable  to  use  any  chemicals  to  prevent  the  growth  of 
molds  as  they  likewise  cause  a  decomposition. 

lii:RYLI,ir.\I   (glucinum) — soduum  thioglycoli.atk 

Ucrylliuiii  fluorid(>  was  warmed  with  hydrochloric  acid  until  all  of  the 
fluorine  was  driven  oiX.  The  liipiid  was  evaporated  to  a  small  vohnne  and 
slowly  added  to  a  solution  of  sodium  thioglycoUate.  As  the  solution  became 
less  alkaline  it  assumed  a  light  cherry  red  color.  Further  addition  of  an 
alkali  caused  a  slight  precipitate.  Tin-  solution  was  filtered  and  concentrated 
under  diminished  pressure.  Absolute  alcohol  precipitated  an  amorphous 
solid  which  was  dried  in  a  vacuum  desiccator.  The  fact  that  no  ei'ystalline 
compound  was  formed,  seemed  conclusive  evidence  that  tlici'c  was  a  \uiion 
between  l)erylliuni  ;ind  sulphur;  for  the  hydroxide  of  lierylliuin  is  soluble 
ill   ail   excess   of   fixed   alkali,   which    Wduld    iiial^e    it    iidssilile    I'm-   s  uliinn    tliio- 
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glycollate  and  the  dissolved  hydroxide  of  beryllium  to  coexist,  and  sodium 
thioglycoUate  would  crystallize  out.  However,  analysis  seemed  to  verify  the 
chemical  combination,  as  well  as  the  failure  of  a  crystalline  compound  to  form. 
Analysis  showed  that  the  salt  contained  7.10  per  cent  Be ;  calculated  from  the 
formula  BeSCH„COONa,  7.45. 

CADMIUM — SODIUM  THIOGLYCOLLATE 

The  sodium  salt  of  tliioglycoUic  acid  in  solution  readily  dissolved  the 
hydroxide  of  cadmium  with  the  formation  of  a  clear  yellow  solution.  The 
sodium  salt  of  thioglycollic  acid  was  kept  in  excess.  The  free  heavy  metal  salt 
was  obtained  by  precipitation  with  dilute  hydrochloric  acid.  The  free  acid 
salt  (Cd(SCH2COOH)2)  is  a  crystalline  compound,  as  shown  by  microscopic 
examination.  The  sodium  heavy  metal  salt  was  obtained  by  concentrating 
the  filtered  yellow  liquid  under  diminished  pres.sure  and  precipitating  with 
absolute  alcohol.  The  alcoholic  precipitate  was  a  heavy  oil  which  formed 
at  the  bottom  of  the  separatory  funnel.  At  60°  C.  it  remained  viscous,  but 
upon  cooling  a  white  crystalline  sodium  salt  separated  out.  It  was  easily 
washed  and  then  dried  in  vacuum.  The  compound  is  preserved  very  well  in 
a  vacuum  desiccator  but  turns  a  little  dark  after  long  standing  in  the  atmos- 
phere. Upon  further  analysis  and  examination  it  was  found  that  the  proba- 
ble formula  for  this  salt  was  Cd(SCH2COONa)24H20.  Analyses  showed  that 
the  salt  contained  27.79  per  cent  Cd;  calculated  from  the  formula  CVUSCH,- 
COONa),  4H,0,  27.37.  The  salts  reported  by  Rosenheim  (1904)  are  Cd(SCH, 
C00)2Cd;  CdCSCH.COOXa)^  3NaCl  6  H,0;  Cd(SCHX'00),Ba  18  H,0.  The 
solution  of  cadmium  is  very  stable  over  long  periods.  S  found  15.84,  calcu- 
lated 15.62. 

MERCUKY — SODIUM   THIOGLYCOLLATE 

Freshly  prepared  mercurous  oxide  is  allowed  to  act  upon  a  solution  of  sodium 
thioglycoUate.  The  action  is  quite  rapid,  ten  to  fifteen  minutes  being  neces- 
sary to  complete  the  change.  The  first  addition  of  suspended  oxide  gives  a 
clear  solution.  Further  addition  causes  a  grayish  white  precipitate  to  sepa- 
rate out.  The  free  acid  salt  is  obtained  by  using  a  large  excess  of  mineral 
acid.  It  is  a  needle-like  formation.  The  sodium  mercury  salt  is  a  crystalline 
compound  obtained  by  precipitation  with  absolute  alcohol.  It  is  very  soluble 
and  very  stable,  except  upon  exposure  to  strong  sunlight.  Analyses  of  the 
free  acid  showed  the  salt  to  contain  52.39  per  cent  of  mercury.  A  formula 
of  the  constitution  HgCSCHX'OOH).  requires  52.41  per  cent.  The  solution  is 
very  stable  but  cannot  be  made  up  with  physiologic  salt  solution.  Claesson 
(1877)  reports  several  mercury  salts,  one  of  which  is  the  same  as  mentioned 
above.  Other  .salts  reported  are  Hg(OOCCH,S),Hg.  Ag,(OOCCH.,S)Hg,  and 
complexes  with  no  other  metals. 

THALLIUM — SODIUM    THIOGLYCOLLATE 

Sodium  thioglycollic  acid  is  treated  with  thallic  chloride  with  the  forma- 
tion of  a  light  colored  precipitate  which  finally  goes  into  solution.  An  excess 
of  thioglycollic  acid  is  present.  The  solution  becomes  only  slightly  warm  and 
then  it  is  concentrated  under  diminished   pressure.     Absolute  alcohol  precipi- 
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tatcs  a  fine  iiecdlc-liki'  coinpound,  reailily  sululilc  in  wati-r  to  a  perfei/tly  clear 
solution,  and  very  stable.  The  free  acid  salt  decomposes  into  a  brown  amor- 
phous powder.  The  sodium  salt  is  more  stable.  Analyses  showed  the  free  acid 
to  contain  43.17  per  cent  of  thalliimi;  calculatrd  from  the  formula  T1(S('II., 
COOH),,  it  gives  42.74. 

TITANUM 

The  easy  formation  of  orthotitanic  and  mctatitanic  acids  renders  the  use  of 
titanium  rather  difficult  to  work  with.  The  fact  that  all  titanium  salts  break 
down  into  one  acid  or  another  through  hydrolysis,  led  to  the  selection  of  the 
sulphate  in  the  attempt  to  prepare  the  thioglycollie  acid  salt.  As  in  the  case 
of  tellurium,  a  dark  precipitate  was  formed  when  the  titanium  salt  was  mixed 
with  sodium  thioglycollate.  Ammonium  sulphide  produces  orthotitanic  acid 
in  the  cold  aud  meta  acid  in  the  hot.  From  this  fact  it  was  concluded  that 
the  precipitate  must  be  a  combination  of  thioglycollie  acid  and  titanium.  When 
heated  it  gave  the  odor  of  sulphur,  but  upon  treatment  with  acid  it  was  impos- 
sible to  obtain  a  qualitative  test  for  thioglycollie  acid.  The  salt  was  insoluble 
in  acids  and  alkalies  and  consequently  it  was  unsatisfactory  for  biological  pur- 
poses.    For  this  reason  no  further  study  was  made  of  this  preparation. 

CERIUM — SODIUM  THIOGLYCOLLATE 

The  sodium  salt  of  thioglycollie  acid  in  solution  is  treated  with  eerous 
hydroxide  Ce(CH)3.  The  solution  is  concentrated  and  the  salt  precipitated 
with  alcohol  and  ether.  It  is  washed  with  alcohol  and  ether,  to  shorten  the 
period  of  drying  as  much  as  possible.  The  salt  is  then  placed  in  a  vacuum  desic- 
cator and  finally  well  dried.  The  acid  salt  is  an  amorphous,  white  compound ; 
while  the  sodium  salt  is  crystalline.  Cerium  is  determined  as  the  oxide  and 
as  the  oxalate.  Analyses  shewed  tliat  the  compound  contained  29.53  and  29.39 
per  cent  cerium.  A  formula  which  would  correspond  to  this  percentage  com- 
position, is 

/SCHX'OOXa 

Ce— .SCH."COONa 

\SrHTOONa 

A  comjiouiHl  of  tills  constitution  would  iiMiulrc  2!). 26  per  cent  of  cerium. 
Analyses  showed  It  lo  contain  2!l.4f)  per  cmt.  The  solution  keejis  well  for  a  few 
days,  but  after  that  a  Moccnlenl  while  jn'ei'Ipltatc  apjicars.  No  salt  of  this 
metal  is  reported.  . 

LEAD — SODIU.M    TIIIOC.LYCOI.LATE 

Freshly  i)repared  lead  hydroxide  and  sodium  thioglycollatr  In  solution  were 
agitated  in  a  closed  flask.  The  first  addition  of  lead  hydroxide  went  Into  solu- 
tion readily.  After  a  short  while  the  clear  yellow  solution  began  to  solidify 
and  became  about  the  consistency  of  gelatin.  This  was  very  soluble  In  sli-ong 
sodium  hydroxide,  and  gave  a  clear  solution  wlil-li  was  preeipllal d  li\-  abso- 
lute alcohol.  By  dissolving  this  precipilate  In  waler  and  adding  a  llltle  aleohol, 
needle-like,  shining,  while  crystals  separate(l  nut.  In  the  pi'eseiiee  of  moisture 
considerable  dit'lienlly  was  exi)erienced  mi  aeeiuint  ol'  deeonipositlou.  .V  pure 
jircduct   was  obtained   In  the  end  wlileli   ])roved  to  li?  a  siin])le  lead  sodium  salt. 
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Tlie  fact  that  lead  hydroxide  is  soluble  in  excess  of  fixed  alkali,  forming  the 
plunibate,  makes  it  necessary  to  be  cautious  about  adding  too  much  hydroxide  of 
lead.  Lead  sulphide  is  easil.y  formed,  and  it  may  be  said  that  the  lead  prepara- 
tion is  one  of  the  most  difficult  to  make.  An  excess  of  sodium  thioglycollate  is 
present.  Analyses  showed  that  tlu'  lead  salt  was  probably  the  straight  sub- 
stitution product  with  two  molecides  of  water  of  crystallization,  PbCSCH, 
COONa),  2H;,0.  Lead  found,  45.50  per  cent;  calculated,  45.87.  Salts  reported 
are:  Pb'(SCPLCOO),Pb  and  PbCSCHXOO),  2PbNa,  2H,0.  The  solution  is 
very  unsatisfactory  for  biological  purposes. 

VAX.\DirJI SODTl'il    THIOGLYCOLLATE 

Sodiixm  thioglycollate  was  treated  with  vanadic  acid  in  large  excess  and 
the  mixture  warmed  on  a  water-bath  with  occasional  shaking  for  several  hours 
(2  to  4).  The  medium  was  slightly  alkaline,  and  the  reaction  was  slow.  At 
first  the  liquid  was  bluish,  but  upon  further  digestion  it  became  green.  The  solu- 
tion was  filtered,  to  remove  any  excess  of,  or  undigested,  vanadic  acid;  it  was 
again  filtered  and  concentrated  under  diminished  pressure.  A  blue,  crystalline, 
sodium  salt  was  obtained  which  was  very  stable.  The  solution  is  very  satisfactory. 
Analyses  showed  that  the  compound  contained  21.37  per  cent  V;  calculated 
from  the  formula  V,(SCH,COOX) ,  2H,0.   i'2.0. 

AESEXIC SODIUM   THIOGLYCOLLATE 

Arsenious  acid  is  added  to  a  dilute  solution  of  sodium  thioglycollate  and 
allowed  to  digest  at  about  40°  C.  for  one  day.  The  solution  is  filtered,  concen- 
trated under  diminished  pressure,  and  precipitated  with  absolute  alcohol  and 
ether. 

Arsenious  chloride  is  used  with  free  thioglycollie  acid  di.ssolved  in  water 
and  the  resulting  solution  is  just  neutralized  with  a  solution  of  sodium  carbonate. 
Sodium  chloride  is  removed  in  the  manner  described  under  antimony.  The  re- 
sulting products  in  these  two  experiments  were  the  same,  as  shown  by  their 
crystal  formation  under  the  microscope.  The  microscope  was  found  very  ser- 
viceable in  examining  the  crystalline  salts  in  this  investigation:  as  it  was 
thereby  quite  easy  to  detect  impurities.  Analyses  showed  that  this  compound 
contained  17.20  per  cent  As:  calculated  from  the  formula  As(SCH,C00Na)3 
H„0.  17.34. 

AXTIilOXY — SODIUM    THIOGLYCOLLATE 

The  antimony  salt  was  prepared  by  treating  antimony  chloride  with  a  so- 
lution of  sodium  thioglycollate.  The  solution  was  filtered  and  concentrated 
under  diminished  pressure  until  the  sodium  chloride  separated  out  and,  by  mi- 
croscopic examination,  the  complete  separation  was  determined.  The  clear 
syrupy  mixture  was  now  treated  with  absolute  alcohol,  giving  the  compound 

/SCH.COOXa 
Sb 
I  \SCH,COO 


Free  tliioglycollic  acid  was  dissolved  in  water  and  treated  with  antimony  oxide, 
by  warming  the  solution  on  the  water-bath.     After  standing  for  tweutv-four 
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liours,  tlie  solution  was  filtered  and  treated  with  sodium  carbonate,  concentrated 
under  diminished  pressure,  and  precipitated  with  absolute  alcohol  and  ether. 
It  is  found  that  in  this  case  alcohol  and  ether  give  better  results.  Analyses  showed 
that  this  compound  contained  36.80  per  cent  Sb ;  calculated  from  tlie  formula 

/'SCH„COOXa 
Sb  "  ,  :i7.17  Sb 

I  \SCH,COO 


CHROMIUM 

All  attempts  to  prepare  the  chromium  salt  failed.  Chromium  chloride  was 
treated  with  the  sodium  salt  of  thioglycollic  acid  with  the  formation  of  chromium 
hj-droxide.  The  hydroxide  was  used  with  uo  perceptible  action  even  after 
several  days.  Chromium  oxide  was  then  tried  with  similar  results.  The  final 
attempt  was  made  wath  chromium  sulphate,  which  likewise  failed.  That  no 
one  may  be  misled  in  his  efforts,  it  should  be  stated  that  the  author  makes  no 
claim  that  this  salt  cannot  be  prepared.  Time  was  not  available  to  make  a 
detailed  study  of  the  constitution  of  these  preparations,  or  to  prepare  those 
which  withstood  the  ordinary  methods  of  preparation. 

MOLYBDENUM SODIUM     THIOGLYCOLLATE 

Sodium  thioglycollic  acid  in  solution  is  treated  with  molybdenum  trioxide 
suspended  in  water.  An  immediate  reaction  takes  place,  with  the  formation 
of  a  steel-gray  precipitate  which  is  very  soluble  in  water.  The  precipitate  is 
filtered  off,  washed  with  ether  and  dried  in  vacuum.  The  salt  dissolves  very 
readily  in  a  neutral  solution,  is  crystalline  and  has  a  graj'ish  appearance.  The 
keeping  qualities  of  the  dark,  reddish  brown  solution  are  very  good.  Molybdenum 
seems  to  enter  into  combination  very  easily  and  is  in  accord  with  the  thiomo- 
lybdate  formation.  Analyses  show'ed  this  compound  to  contain  1^.97  per  cent 
Mo.     Calculated  from  the  formula  JIo(SCH,COONa),  =  16.4.3. 

TELLT'RIUM 

Sodium  tcllurate  was  mixed  with  sodium  thioglycollate  with  the  formation 
of  a  precipitate.  The  precipitate  was  filtered  off  and  treated  with  fixed  alkali, 
water  and  acid.  In  each  case  the  compound  showed  no  signs  of  solution.  Quali- 
tative tests  showed  that  the  precipitate  was  a  sulphide  of  tclluriuin. 

TUNGSTEN — SODIUM    THIOGLYCOLLATE 

Sodium  tliioglycollate  w'as  treated  with  a  suspension  of  tungsten  oxide  and 
allowed  to  digest  for  two  days.  The  solution  had  a  green  color  and  w^as  con- 
centrated under  diiuiiiishcd  pi'cssure.  Upon  long  standing,  greenish  yellow 
plates  separated  out  :  tlnsi'  were  very  soluble  in  water.  The  dry  salt  was  yellow. 
Analysis  showed  120.1  lungslcu,  and  the  calculated  value  for  the  formula  W(SCH2 
COONa)„  2IL0  wouhl  be  '20.59. 

r  HA  MUM — SODll^.M     TlIIO(;i.YCOLLATi: 

Sodium  IhioglycoUatc  was  treated  with  a  dilulc  solution  of  uranyl  cjdo- 
ride.    A  vellowish  green  solution  was  fcirmcd.     The  mixture  was  allowed  to  di- 
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gest  for  twenty-four  hours,  it  was  then  filtered  and  concentrated  under  diminished 
pressure.  Yellowish  green  crystals  separated  out,  which  were  filtered  and 
dried.  The  solution  is  very  unstable,  and  the  solid  is  readily  soluble  in  water. 
The  uranyl  salt  is  unsatisfactory  for  biological  purposes.  Analysis  showed  it 
to  contain  41.20  per  cent  U;  calculated  from  the  formula  UO,(SCH.,COOXa), 
4H,0,  41.91. 

MANGANESE — SODIUM    THIOGLYCOLLATE 

ilanganous  hydroxide  was  prepared  and  the  white  precipitate  washed  by 
decautation  to  prevent  oxidation.  The  sodium  salt  of  thioglyeollic  acid,  dis- 
solved in  water,  is  treated  with  successive  additions  of  the  sus])ended  hydroxide. 
The  reaction  begins  immediately  and  a  pink  solution  is  formed.  However,  there 
is  a  tendency  toward  oxidation,  as  indicated  by  the  traces  of  brown  coloration  of 
the  manganese  hydroxide.  By  concentration  under  diminished  pressure  the 
manganese  salt  is  crystallized  out  as  prisms.  Upon  drying,  this  salt  and  making 
a  solution,  one  notices  a  pinkish  color  indicative  of  a  manganous  salt.  Upon 
standing,  the  solution  turns  a  yellowish  brown.  A  change  in  toxicity  is  noticed 
with  this  action.  It  was  impossible  to  dry  the  salt  in  the  air  without  decompo- 
sition ;  there  was  some  change  also  in  solution.  It  was  concluded  that  the  salt 
was  in  the  manganous  cfindition.  Rosenheim  (1904)  reports  a  salt  of  the 
formiila : 

SCH,7H..O 
Mn<  \  '  .     Mn  fnuiul  20.42;  Jin  calculati'd  20.2S 

ooc 

NICKEL SODIUM  THIOGLYCOLLATE 

The  suspended  nickelous  hydroxide  is  added  in  small  portions  to  sodium 
thioglycollate  in  solution,  which  at  first  is  pale  green.  The  solution  is  concen- 
trated under  diminished  pressure  and  greenish  brown  prisms  separate  from 
the  solute.  The  salt,  when  dissolved  in  water,  has  a  dirty  green  color  which 
completely  disappears  upon  standing.  Absolute  alcohol  precipitates  the  sodium 
salt.  Mineral  acids  dissolve  the  salt  with  the  formation  of  an  almost  colorless 
solution.  The  nickel  salt  gives  a  very  poor  solution  for  biological  purposes. 
Analyses  showed  it  to  contain  16.70  per  cent  of  nickel;  calculated  from  the 
formula  NiCSCHoCOONa),  4H,0,  we  obtain  16.53  per  cent  of  nickel.  This  is 
in  accordance  with  the  investigations  of  Rosenheim  (1904). 

COBALT — SODIUM  THIOGLYCOLLATE 

Cobaltous  hydroxide  was  prepared  by  precipitating  the  nitrate  with  potas- 
sium hydroxide : 

/'OH 
Co(N03V.  +  KOH  =  Co  +KXO3 

/OH  /OH 

Co  +  KOH  =  Co  +  KXO, 

\X03  \0H 

The  blue  basic  salt  was  first  formed  and  was  heated  to  boiling  to  prevent  the  for- 
mation of  the  cobaltoso-cobaltie  hydroxide,  which  is  olive  green,  while  the  pure 
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cobaltous  salt  is  pink.  The  prt'eii)itate  is  washed  free  of  alkali  ami  treated  with 
a  solution  of  sodium  salt  of  thioglyeollie  acid.  At  first,  there  is  a  blue,  then  a  piuk, 
and,  finally,  a  dark  brown  coloration  appearing  in  the  mixture.  By  gently  warm- 
ing the  mixture,  the  pink  color  returns.  The  solution  is  filtered  and  concentrated 
as  previously  described.  Absolute  alcohol  and  ether  are  used  to  precipitate  the 
salt  which  is  dried  as  usual.  It  is  very  soluble  in  water.  It  is  a  dark  red, 
crystalline  compound,  the  crystals  having  a  columnar  form  under  the  micro- 
scope. The  cobalt  compounds  which  have  been  reported  are:  Co(SCH.COO)2, 
and  Co(SCHX'OONa)o  6H,0.  The  compound  obtained  corresponded  with 
this  last  formula,  but  the  tendency  toward  decomposition  was  very  marked. 
A  precipitate  formed,  when  the  substance  was  dissolved  in  water,  which  still 
seemed  to  be  a  thioglycollic  acid  compound,  as  indicated  by  heating  the  product 
and  by  solution  in  mineral  acids  which  gave  the  characteristic  color  reaction. 
The  keeping  qualities  of  the  cobaltous  solution  were  very  poor.  Analyses  showed 
that  it  contained  15.15  per  cent  Co;  calculated  from  the  formula  Co(SCH2 
COOXa),  6H,0,  15.01  per  cent. 

I'LATINUM SODIUM    THIOGLYCOLLATE 

Sodium  thioglycollic  acid  was  treated  with  dilute  platinic  chloride.  At 
first  the  solution  became  yellow,  then  red  and,  with  further  addition,  a  yellowish 
brown  precipitate  formed  which  was  filtered  off  and  washed  with  absolute  alco- 
hol. A  compound,  very  light  yellow  in  color  and  very  stable,  results.  The 
salt  is  very  soluble  in  water ;  as  much  as  thirty  milligrams  of  metallic  platinum 
per  cubic  centimeter  can  be  dissolved.  In  the  concentrated  solutions,  the  ap- 
pearance is  distinctly  red,  fading  to  a  light  yellow  in  the  more  dilute.  The  free 
acid  was  very  similar  in  appearance,  but  not  as  soluble  in  water.  Aualj'ses  of 
the  free  acid  showed  the  following  results:  Pt  34.60  and  34.64;  calculated  ac- 
cording to  the  formula  Pt(SCH.,COOH)^,  34.88.  The  sodium  salt  gave  30.22 
platinum  and  the  calculated  value  for  Pt(SCH,COONa)„  30.14.  No  record  of 
a  platinum  salt  was  found.  Claesson  (1906)  .says  the  salt  Pt(SCILC00)2 
may  be  prepared  from   potassium  chlor-platinate. 

ZI N  C — SOIII I  ■  .M    THIOGLYCOLLATE 

Zinc  oxide  and  sodium  thioglycollate  were  allowed  \o  react,  yielding  a 
slightly  yellow  solution.  Acids  throw  out  a  white  crystalline  material,  which 
is  soluble  with  difficulty  in  water  but  easily  goes  back  into  solution  upon  the 
addition  of  alkalies.  The  final  product  was  a  crystalline  material  very  easily 
dissolved  in  water.  Analyses  showed  that  the  compound  contained  20.83  per 
cent  Zn.     Calculated  from  the  formula  Zn(SCIl,COONa)o  ILO,  21.11. 

Note:  In  some  cases  the  heavy  metal  salt  of  thioglycollic  acid  was  used  for 
analysis.     In  every  case  the  composition  of  the  salt  used  for  analysis  is  given. 

These  preparations  were  all  tested  for  toxicity  upon  rats  and  guinea  pigs. 
The  trypanocidal  action  was  also  tested  on  rats  and  guinea  pigs  and  a  n>port 
of  these  tests  will  be  found  in  a  paper  soon  to  be  published  by  Dr.  G.  C. 
Lake  of  the  U.  S.  Hygienic  Lalioraioi'v,  Antimony  potassium  lactate  was  also 
included  in  this  series  and  found  lo  be  hiiihly  active  by  l)i-.  Lake.  Further 
rei)or1s  may  lie  found   in  the  work  of  \"(i(>j:1lin  and  Smith. 
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Periodic  Arrangement  of  Metal  Salts  Used  in  This  Investigation 
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A  NOTE  ON  THE  RELATION  BETWEEN  THE  BLOOD-COAGULATING 

AND  THE  SMOOTH  MUSCLE-CONTRACTING  PROPERTIES 

OF  TISSUE  EXTRACTS  * 


By  C.  a.  Mills,  A.B.,  Ph.D.,  Gerard  R.\ap,  A.B..  A.M.,  and  D.  E.  Jackson, 
Ph.D.,  M.D.,  CixciNNATi,  Ohio 

THE  action  of  tissue  extracts,  wlicii  iiijec-ted  iiitravenoiisly  into  animals, 
has  long-  been  a  subject  of  study.  The  toxic  effects  observed  have  been  as- 
cribed mainly  to  two  causes:  (1)  the  coagulant  action  of  the  extracts  on  the 
blood,  and  (2)  the  presence  in  the  solutions  of  a  substance  which  acts  on 
smooth  muscle.  Many  workers  have  limited  their  observations  to  only  one 
of  the  above  phases  of  tissue  extract  toxicity,  ignoring  or  not  recognizing 
the  presence  of  the  other  factor.  It  would  be  inadvisable  to  attempt  a  review 
of  all  the  mass  of  literature  on  this  question,  so  mention  will  merely  be  made 
of  a  few  of  the  papers.  Wooldridge^  was  the  first  to  notice  the  blood-clotting 
action  of  tissue  extracts  in  vivo,  and  to  make  any  extensive  study  of  this  action. 
Dold  and  his  co-workers-  made  many  observations  along  this  line  also.  (For 
references  to  literature  see  Smith^  and  Mills.'')  As  regards  the  smooth  muscle- 
stimulating  substance,  reference  should  be  made  to  Brieger  and  Uhlenhuth,^ 
Aronson,"  Popielski,"  Dale,  et  al.,*  Abel  and  Kubota"  and  Smith. ^  Popielski's 
vasodilation  possessed  properties  very  similar  to  the  histamine  investigated 
so  thoroughly  by  Dale  and  his  co-workers,  but  was  not  at  that  time  supposed 
to  be  identical  with  it.  Abel  and  Kubota  claim  to  have  found  histamine  in 
many  tissue  extracts,  and  also  a  histamine-like  body  giving  the  imidazol  test. 
This  last  they  investigated  especially  in  extracts  of  the  pituitary  gland.  The 
smooth-muscle  stimulating  substance,  or  substances,  are  not  regarded  as  hav- 
ing any  influence  on  blood  coagulation  by  most  of  these  investigators,  although 
by  some  it  is  thought  that  a  slight  inhibitory  action  is  produced. 

The  possibility  of  the  stimulation  of  the  smooth  musculature  of  the 
body  by  the  intravascular  clotting  of  the  blood  has  not  been  much  investigated. 
It  is  well  known  that  certain  sera,  especially  when  fresh,  are  quite  toxic  for 
many  animals,  whcrcfis  (he  uiiclottcd  l>loo(l  may  1)0  much  less  poisonous.  A 
very  good  review  of  llir  literature  I'cgardiiig  the  toxicity  of  sera  will  be 
found  in  an  article  liy  DcK'niif"  on  this  subject.  Schultz"  found  that  smooth 
muscle  i'l'oiii  \afious  parts  of  the  body,  when  treated  with  scrum  in  vitro, 
was  stimulated  to  contract.  The  fresh  blood,  unclotted,  had  little  or  no  such 
action,  l)u1  as  evidences  (}f  clotting  appeared,  the  stimulating  action  became 
marked.  Stewart  and  Zucker'-  and  others  (O'Conner,"  Battelli,"  Schultz" 
have  also  noted  the  stimulating  action  of  serum  on  isolated  smooth   muscle 


'Fvom  the  L.iboratories  of  Pli.irmacology  ami  Diocln-mistry,  University  of  Cinciimali  Medical  Siiiool, 
Cincinnati,  Ohio. 

A  brief  report  of  this  work  was  presented  before  the  American  Society  for  Pliariiiacologv  ami  Kxperi- 
mental  Therapcntics  at   the  Chicago  meetings,  Dec.  28,   1920. 
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strips,  although  Stewart  and  Zueker  thought  plasma  possessed  the  same 
stimulating  action,  except  on  arteries.  The  evidence,  then,  points  to  the  pres- 
ence in  serum  of  some  substance  not  present  as  such  in  the  whole  blood,  or  else 
present  in  a  combined  and  inactive  form,  from  which  it  may  be  liberated  by 
the  clotting  process. 

The  fact  that  in  anaphylactic  shock  the  smooth  musculature  of  certain 
organs  is  very  greatly  stimulated  and  the  blood  pressure  greatly  reduced 
(see  Richet,^"  Biedl  and  Kraus,^"  Pearee  and  Eisenbrey,''  Edmunds,'"  Auer 
and  Lewis. '^  Schultz,''  Manwaring,-"  and  others)  brings  this  phenomenon  in 
close  relation  to  the  effects  observed  after  tissue  extract  or  serum  injection. 
It  is  evident  that  in  anaphylaxis  these  phenomena  cannot  be  due  solely 
to  the  injection  of  histamine  contained  in  the  protein  antigen,  for  the  anaphy- 
lactic shock  can  be  produced  only  a  single  time,  while  repeated  injections 
of  histamine  may  each  show  the  typical  action  of  the  drug.  This  point  was 
emphasized  by  Pelz  and  Jackson-^  in  their  study  of  the  bronchiole  constric- 
tion in  dogs  during  anaphylactic  shock.  That  anaphylactic  shock  is  in  some 
way  related  to  the  clotting  of  the  animal's  blood  is  indicated  by  the  change 
in  the  coagulability  of  the  blood  during  and  following  the  shock.  The  subse- 
quent negative  phase  or  partial  noneoagulability  of  the  blood  is  much  similar 
to  the  condition  which  frequently  follows  tissue  extract  injection  (see  Woold- 
ridge.")  This  fact,  together  with  the  observations  regarding  the  presence  of 
a  toxin  in  serum  not  present  in  the  unclotted  blood,  render  necessary  a  close 
study  of  the  effects  of  intravascular  clotting  of  the  blood  and  its  bearing  on 
anaphylactic  shock. 

The  present  work  is  concerned  mainly  with  determining  the  effects  of 
various  fractions  of  ti.ssue  extracts,  intravenously  injected  into  dogs,  in  an 
effort  to  find  the  relationship  betAveen  the  smooth-muscle  stimulating  and 
blood  clotting  substances  present.  Intravascular  clotting  induced  by  the  co- 
agulant fraction,  freed  from  the  histamine  or  histamine-like  substance,  Avas 
studied  in  particular  in  relation  to  the  effect  of  such  clotting  on  the  various 
involuntary  organs  of  the  body.  The  lungs,  uterus,  bladder  and  Ijlood  vessel 
s.ystem  were  the  parts  observed  most  closely. 

The  experiments  herein  described  have  been  performed  on  dogs  Avhich 
had  been  etherized,  prepared  for  the  experiment,  and  then,  in  about  half  of  the 
experiments,  pithed  (iisually  both  brain  and  cord). 

The  uterus  (in  situ)  tracings  were  made  by  means  of  a  special  device-^  which 
was  placed  inside  the  abdomen  and  held  securely  in  position  while  the  con- 
tractions of  the  organ  were  recorded  by  means  of  a  metal  hook  attached  to 
the  uterus.  A  .small  string,  fastened  to  the  hook,  passed  over  a  system  of 
pulleys  and  was  finally  attached  to  a  light,  counterpoised  lever  which  marked 
the  contraction  on  a  smoked  drum.  The  bladder  tracings-''  were  made  b\' 
tying  a  large  cannula  into  the  fundus  of  the  organ  and  connecting  the  upper 
end  of  the  cannula  to  the  tube  of  a  mercurv  bulb.  The  bulb  was  then  filled 
about  half  full  of  warm  s'llt  solution  (to  dilate  the  bladder)  and  a  tube,  pass- 
ing through  the  cork  in  the  mercury  bulb  was  connected  to  a  recording  tam- 
bour.   The  air  in  the  upper  half  of  the  mercurv  bulb  was  thus  connected  by  the 
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rubber  tubing  witli  the  interior  of  the  tambour  bowl.  The  bronchiole  tracings 
were  made  by  means  of  a  special  method'^  by  which  air  was  intermittently  aspi- 
rated from  the  chest  cavity  while  the  amount  of  air  passing  into  and  out  of 
the  lungs  was  indicated  by  means  of  a  tambour  connected  with  the  side  tube 
of  the  tracheal  cannula.  When  the  bronchioles  were  fully  relaxed  and  the 
lungs  became  widely  inflated  each  time  air  was  aspirated  out  of  the  chest, 
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the  taiididui'  puiiiliT  hiuvimI  down  to  a  biw  U'\A  on  the  drum,  and.  as  air 
was  permiltcd  \n  riitcr  the  chest  cMvily  between  the  moments  at  which 
aspiration  occurred,  then,  as  Ihc  clastirity  of  the  lungs  caused  their  own 
collapse  and  foi'ced  air  oul  through  the  trachea,  the  M-riting  lever  of  the 
tambour  Avas  forced  up  to  a  liigli  level.  ( "oiitraction  of  the  broueiiioles 
decreased  the  aniounl  of  air  iiassing  into  or  out  of  tlie  lungs  and  hence  the 
tambour  record  on  the  dniiu  at  one.'  decreased  in  aiu|)lilude.  Profound 
broni'liiolc  contraction  niiL;lit  cause  a  coiii|)lete  cessation  of  the  jiassage  of  air 
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into  or  out  of  the  lunsis,  the  force  of  aspiration  of  the  air  .suction  from  the 
vacuum  pump  remaining  constant.  In  these  eases  the  tambour  tracing  became 
greatly  reduced  in  amplitude,  or  perhaps  marked  only  a  straight  line  on  the 
drum.    Injections  of  extracts  were  usually  made  from  a  burette  into  a  femoral 
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or  a  jugular  vein.     Blood  pressure  was  recorded   by   a   mercury  man  imeter 
connected  with  a  carotid  artery. 

The  following  extracts  and  solutions  were  used  for  the  injections:  (1) 
extracts  of  fresli  normal  tis.sues,  mainly  lungs,  (2)  crude  antithrombin  solu- 
tion, (3)  albumins  of  lungs  extract,  (4)  purified  antithrombin  (globulin), 
(5)  purified  active  coagulant  (globulin)  of  lung  extract,  and  (6)  the  purified 
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coagulant,  inactivated.     Each  of  these  solutions  will  now  be  described  more 
in  detail,  together  with  the  eifeets  produced  by  intravenous  injection  in  dogs. 

(1)    EXTRACTS  OF   FRESH   NORMAL   TISSUES 

These  extracts  were  made  hy  grinding  the  fresh  tissue  to  a   paste  with 
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white  sand  and  extracting  with  0.9  per  cent  NaCl  solution  in  the  ratio  of  10  c.e. 
saline  .solution  for  each  gram  of  fresh  ti.ssue  taken.  Lung  extracts  were  used 
mainly  because  of  their  efficacy  in  inducing  intravascular  clotting.  These  ex- 
tracts give  a  positive  test  for  imidazol  comiiouiids,  as  tested  by  Ehrlich's 
diazo  reaction.  No  effort  was  made  to  determine  whether  it  was  free  liista- 
mine  tiial   was  respon.sil)ie  foi'  the  ])osilive  imidazol  test.     The  work  of  A])el 
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and  Kiibota  indicated  tliat  free  histamine  was  present  in  such  extracts.  Lung 
extract  thus  prepared  cdntains  approximately  0.74  per  cent  protein.  Fig. 
1  shows  the  action  of  7  c.c.  of  this  lung  extract  on  the  bronchioles,  blood 
pressure  and  on  the  uterus  In  sHu.  The  smalluess  of  the  dose  is  significant 
here.  The  animal  was  pithed  (lirain  and  cord)  so  that  the  actions  sliown  in 
the  tracing  are  entirely  of  peripheral  origin.  It  will  be  noted  that  the  right 
carotid  tracing  shows  that  extensive  intravascular  clotting  occurred  within 
a  few  seconds  after  the  extract  was  .injected.  This,  of  course,  caused  im- 
mediate .stoppage  of  the  circulation,  and  at  the  same  time  a  contraction  of 
the  bronchioles  and  of  the  uterus  occurred. 

Fig.  2  shows  a  quite  similar  action  which  occurred  in  a  larger  dog  follow- 
ing the  injection  of  7  c.c.  of  kidney  extract  (but  this  extract  was  twice  as 
strong  as  the  preceding  lung  extract). 

Fig.  3  .shows  the  action  of  7  c.c.  of  lung  extract  on  the  respiration,  blood 
pressure  and  bladder  in  an  intact,  etherized  dog.  A  marked  contraction 
of  the  bladder  occurred  following  the  injection  of  the  extract.  At  the  same 
time  the  blood  pres.sure  fell  to  about  half  its  former  height.  This  was  due 
to  a  rather  extensive  intravascular  clotting  of  the  blood,  but  in  this  particular 
case  the  heart  was  still  able  to  go  on  beating  feebly,  and  to  maintain  a  very 
low  and  uncertain  blood  pressure  as  indicated  by  the  mercury  manometer. 
This  was  evidently  possible  because  the  clots  formed  had  not  completely 
filled  all  the  important  blood  vessels  in  the  heart  and  in  the  medulla,  for  the 
animal  continued  to  carry  on  a  weak,  irregular  respiration.  It  is,  perhaps, 
a  matter  of  some  significance  that  a  large  dose  of  adrenalin  injected  later 
had  only  a  very  slight  influence  on  the  blood  pressure. 

(2)    CRUDE  AXTITHROJIBIX  SOLUTION 

It  has  lieen  shown  elsewhere  by  one  of  us  (Mills'*)  that  the  active  coagu- 
lant as  it  exists  in  the  lung  tissue  is  a  protein  phospholipin  compound  having 
the  solubility  characteristics  of  a  globulin,  and  comprising  practically  the  entire 
globulin  content  of  lung  extracts  as  made  here.  Analysis  showed  this  to  be 
composed  of  one  protein  molecule  united  to  about  13  phospholipin  molecules 
(probably  cephalin).  Removal  of  the  phospholipin  in  a  manner  so  as  to  leave 
the  protein  soluble  destroys  the  coagulant  action  of  the  compound  and  leaves 
the  protein  fraction  with  antithrombic  properties  comparable  to  those  of 
hirudin.  Such  phospholipin  extraction  can  best  be  carried  out  by  using  ben- 
zene at  room  temperature  until  all  available  phospholipin  has  been  removed. 
If  fresh  calf  lungs  be  hashed,  dried  rapidly  at  room  temperature,  powdered 
and  extracted  by  benzene  in  this  manner,  a  saline  extract  (0.9  per  cent  NaCl) 
of  this  benzene  extracted  lung  will  no  longer  cause  clotting  of  the  blood 
in  vivo  or  in  vitro,  but  acts  as  an  active  anticoagulant.  It  is  this  anticoagulant 
lung  extract  that  is  here  termed  crude  antithrombin.  It  contains  0.93  per 
cent  of  protein  consisting  of  the  soluble  albumins  of  the  lung  and  the  globulin 
fraction  of  the  active  coagulant.  I^hrlich's  diazo  reaction  is  positive,  just 
as  in  the  extracts  of  fresh  normal  lungs.  This  extract  permits  us  to  study 
the  effects  of  tissue  extracts  in  the  absence  of  intravascular  clotting. 

Fig.  4  shows  the  result  of  injecting  30  c.c.  of  crude,  antithrombin  solution 
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into  a  pithed  dog.  No  clotting  oeenivs,  yet  the  bronchioles  contract  and  the 
blood  pressnre  shows  a  marked  fall.  These  actions  we  presume  are  due  to 
histainiiic,  or  histniiiine-likc  (Abel  and  Knbota)  substances  present  in  the  ex- 
tract .IS  sliuwn  by  tlie  positive  Pjhrlich  reaction. 


(3)    ALIiU.MINS   OF    M'NG    EXTRACT 

The  solutiim  (•iintainiiig  (O.K!  per  cent  protein)  Ihe  albinnins  was  obtained 
by  ]irecipita1ing  thi' gli)b\ilin  frai-lionat  its  isoeleet  rie  jioint  (ahoul  1'h=5-6) 
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with  HjSO,,.     The  total   filobulin  udiiteiit   was  reiudved  in  this  way,  and  the 

N 
supernatant    liquid    CMintaining-    the    albumins,    after    neutralization    with      — 

NaOH,  was  used  for  the  injections.  Albumins  prepared  in  the  same  way  from 
the  crude  antithrombin  solution  (saline  extract  of  benzene  extracted  lung) 
were  used  in  some  experiments,  but  the  effects  were  the  same  as  with  the 
albumins  prepared  from  extract  of  fresh  lungs.  These  albumin  solutions  gave 
a  positive  test  with  Ehrlich's  diazo  reaction  for  imidazol  compounds.  They  are 
without  action  on  the  coagulabilitv  of  the  blood. 
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Fi^;'.  5  slidws  llic  iictiiiii  (if  llic  alliiiiniiis  nii  the  hrdiicliiolcs  iiiid  hlond  pres- 
sure of  ;i  pithed  ddg-.  The  f;ill  in  lilood  pressure  iind  eiuil  r;iel  idii  of  the 
hroiiehioles  we  believe  to  be  due  to  the  presence  of  histaiiiine,  (ir  hist;iinine-like, 
bodies  as  was  described  in  the  case  of  the  crude  anlithroinliin.  ('i'he  linuichiole 
coutraetion  is  not  as  marked  liere  as  it  often  occurs  after  tiie  injection  of  the 
albumins,  because  tiie  iicirative  air  pressure  useil  to  aspirate  the  chest  cavity 
was  slishtlv  stroiijicr  tlian  it  should  liaxc  been). 
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(4)    PURIFIED   ANTITHROIIBIN   SOLUTION" 

The  anticoagulant  globulin  was  purified  by  precipitating  from  the  crude 
antithrombin  solution  at  its  isoelectric  point  and  washing  the  precipitate 
in  distilled  water  by  decantation  until  the  imidazol  ring  test  was  entirel.y  nega- 
tive.   Solution  in  0.9  per  cent  XaCl  solution  was  then  effected  by  adding  a  slight 

N 

amount  of  -^  NaOH.     This  globulin   solution,   free  of   all   traces  of   imidazol 

ring  compounds,  was  used  for  the  injections.  The  use  of  acid  in  its  purification 
largelj"  destroys  its  anticoagulant  properties,  so  that  the  .solution  is  almost 
inactive  as  regards  blood  clotting.  To  retain  the  active  anticoagulant  action 
salt  precipitation  must  be  used  in  the  purification.  This  yields  a  final  product 
which  possesses  the  same  intravenous  effects  as  the  acid  precipitate.  The  iso- 
electric precipitation  was  used  becau.se  of  the  speed  with  which  a  pure  product 
can  be  obtained.  The  purified  antithrombin  solution  used  contained  approxi- 
mately 0.43  per  cent  of  protein. 

Fig.  6  shows  the  effects  produced  when  the  purified  antithrf)mljin  is  in- 
jected intravenously.  The  sharp,  abrupt  fall  of  blood  i^ressure,  which  charac- 
terizes the  action  of  histamine,  or  histamine-like  bodies  is  entirely  absent  as 
is  also  the  marked,  sudden  bronchiole  contraction.  There  is,  however,  pro- 
duced a  slow,  gradual  bronchiole  contraction,  and  this  may  be  due  to  the 
specific  action  of  the  antithrombin  itself,  as  may  also  be  true  of  the  slow, 
gradual  fall  in  blood  pressure  (which  in  this  case  seems  very  probably  to  be 
due  to  a  weakening  of  the  heart). 

(5)    PURIFIED   ACTIVE   COAGULANT   SOLUTION' 

The  active  coagulant  may  be  purified  exactly  as  was  the  anticoagulant. 
However,  it  does  not  lose  very  much  of  its  activity  by  precipitation  at  its 
isoelectric  point,  so  this  method  was  used  entirely,  an  active  product  entirely 
free  from  imidazol  ring  compounds  being  obtained.  This  solution  readily 
caused  clotting  in  vivo  or  quickened  clotting  in  vitro.  It  could  not  possibly 
contain  any  histamine  or  histamine-yielding  constituent  since  the  imidazol 
ring  was  entirely  ab.sent.  The  same  holds  true  for  the  pure  anticoagulant." 
The  purified  active  coagulant  was  made  by  precipitating  the  active  globulin 
from  lung  extract  bj-  acid  (N/500  H.,SOj),  washing  the  precipitate  and  redis- 
solving  it  in  0.9  per  cent  XaCl  solution  by  the  addition  of  a  small  amount  of 
alkali.     It  contained  approximately  0.23  per  cent  of  protein. 

Fig.  7  shows  the  action  of  the  active  coagulant  on  the  In-onehioles  and 
blood  pressure  when  injected  intravenously.  Intravascular  clotting  occurred 
at  once,  and  the  bronchioles  were  profoundly  contracted.  Since  this  active 
coagulant  contained  no  imidazol  ring  compounds  we  believe  the  action  on  the 
bronchioles  was  produced  by  some  substance  which  is  set  free  in  the  body  as 
the  blood  coagulates.  This  same  type  of  action  may  be  present  in  other 
tissues  (as  muscles,  etc.)  also,  but  we  do  not  wish  to  discuss  that  point  at 
present.  We  are  of  the  opinion  that  as  the  blood  coagulates,  it  sets  free  the 
substance  which  acts  on  the  .smooth  musculature,  and  we  strongly  suspect 
that  this  mav  be  histamine  or  some  verv  nearlv  related  substance.     The  action 
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on  smooth  muscle  here  is  absolutely  typical  for  histamine.  And  the  indica- 
tion shown  in  Fig.  3  that,  after  injection  of  lung  extract  and  extensive  intra- 
vascular clotting,  adrenaline  seemed  to  have  but  little  power  to  raise  blood 
pressure,  is  in  harmony  with  what  we  might  expect  after  a  marked  histamine 
reaction  in  the  caiiillaries  and  minute  arteries  and  veins. 
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A  porlion  of  tile  si)liiti(in  of  purilicd  active  coaguhiiit   was   ti-cati'il   \vitli 
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—  Xa(^]I  to  give  a  calculMlt'd  alkaliiiitv  nt  aliout  —  and  the  solution  lioilnl. 
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No  coagulalioii  took  place,  alkaliin'  nict.-i  prcilrin  proliahly  licing  t'oriiii'd  !iy  the 


TISSUE    EXTRACTS  385 

action  of  the  NaOH.     The  coaguhitive  activity  of  the  compound  on  bh)od  was 

almost  completely  destroyed  by  this  treatment.     Neutralization  back  almost 

N 
to  neiitrality  with  —  HoSOj  gave  an  inactive  solution  of  the  pure  coagulant. 

Fig.  8  shows  the  action  of  two  different  solutions,  first  that  of  the  purified 
coagulant  which  has  been  inactivated  as  described  above.     Here  an  injection 
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of  1]  e.c.  had  practically  no  effect  on  the  bronchioles,  and  the  action  on  the 
blood  pressure  in  nowise  resembled  that  of  histamine,  neither  did  intravascu- 
lar clotting  occur.  The  heart,  however,  was  weakened  considerably,  and  to 
overcome  this,  an  injection  of  11/2  c.c.  of  adrenalin  solution  Avas  given.  This 
strengthened  the  heart  and  raised  the  blood  pressure.  Following  this  a  third 
injection  was  given.     This  consisted  of  11   c.c.   of  the   active   coagulant.     A 
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prompt  intravascular  clotting  of  the  blood  occurred,  and  at  the  same  time 
the  bronchioles  contracted  vigorously.  These  reactions  occur  after  atropin 
and  are  therefore  muscular  in  origin. 

Fig.  9  shows  these  same  points  again,  but,  in  addition,  the  effects  on  the 
bladder  are  also  illustrated.  In  the  beginning  of  this  tracing  two  separate 
injections  of  11  c.e.  each  of  purified  coagulant  inactivated  were-  given. 
These  produced  no  effects  on  either  the  bladder  or  lungs,  and  the  slight 
variations  in  the  blood  pressure  were  due,  perhaps  almost  solely,  to  the 
sudden  addition  of  the  injected  solution  to  the  whole  volume  of  the  blood  in 
the  animal's  vascular  system.  This  solution  had  simply  been  heated,  after 
the  addition  of  a  small  amount  of  alkali,  and  then  brought  back  as  nearly  as 
possible  to  the  point  of  neutrality  by  the  addition  of  very  weak  acid.  The 
third  injection  in  the  tracing  shows  the  elifects  produced  by  25  e.c.  of  the  active 
coagulant.  All  three  of  these  injections  were  made  from  the  same  original 
solution,  but  in  the  first  two  (11  cc,  11  e.c),  a  portion  of  the  extract  had  been 
inactivated.  No  histamine,  or  histamine-like  substance,  was  present  in  either 
solution.  But  one  had  no  effect  on  the  blood,  while  the  other  produced  imme- 
diate intravascular  clotting.  And  when  no  action  on  the  blood  occurred, 
no  contractions  of  the  smooth  musculature  (or  fall  of  blood  pressure)  occurred, 
while,  when  the  blood  was  made  to  clot,  very  marked  contractions  of  both 
the  bladder  and  the  bronchioles  occurred.  The  very  striking  similarity  of 
these  smooth  muscle  reactions  to  those  produced  in  anaphylactic  shock  is  ob- 
vious at  a  glance.  We  do  not  doubt  but  that  the  two  phenomena  are  ex- 
ceedingly closely  related,  if  indeed,  they  are  not  identical  in  their  fundamental 
nature.  We  have  performed  corresponding  experiments  with  the  purified 
coagulant  and  with  the  purified  coagulant  inactivated  on  isolated  strips  of 
the  guinea  pig's  uterus  in  vitro.  The  results  coincide  exactly  with  the  findings 
above  described,  contraction  of  the  uterus  occurring  just  as  the  (eitrated 
horse)  plasma  is  made  to  coagulate  by  addition  of  active  coagulant  and 
calciiim  chloride.  Essentially  this  same  observation  has  been  made  by  others, 
especially  Schultz.  Stewart,  etc.,  on  the  action  of  whole  blood,  just  as  it  co- 
agulates (naturally)  on  the  guinea  pig's  iiterus  in  vitro,  or  on  the  action  of  se- 
rum from  blood  clots  on  isolated  strips  of  smooth  muscle.  AVe  presume  that 
any  substance  which  will  cause  rapid  intravascular  clotting  of  the  blood, 
will  produce  these  smooth,  muscle  contractions,  if  injected  suddenly  in  si;ffi- 
cient  quantity  into  the  circulation. 
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OBSERVATIONS  ON  THE  PHARMACOLOGY  OF  SOME 
BENZYL  ESTERS* 


By  Carl  Nielsen  and  John  A.  Higgins,  Chicago,  III. 


"I^T'ITIII.V  tlic  past  few  years,  David  I.  Maeht'  has  published  various  arti- 
»  »  eles  pertaining-  to  the  i^harmacology  of  benzyl  e.sters  and  the  benefits 
derived  from  their  use  in  medicine.  His  careful  investigations  were  based 
upon  his  discovery  of  the  relation,  in  chemical  structure  and  pharmacologic 
action,  between  the  papaverin  group  of  the  opium  alkaloids  and  these  benzyl 
esters.  His  interesting  findings  have  naturally  caused  the  medical  profession 
to  study  one  of  these  benzyl  esters  (benzyl  benzoate)  clinically  and  a  number 
of  reports  on  its  beneficial  action,  in  a  variety  of  clinical  conditionis,  have  since 
appeared,  all  based  upon  the  property  of  benzyl  benzoate  to  relieve  spasmodic 
pain. 

We  liavc  for  some  time  been  conducting  investigations  of  the  jiliarina- 
cologic  action  of  a  series  of  benzyl  esters,  some  of  them  liquids,  others  solids, 
including  the  benzyl  benzoate  as  originally  recommended  by  Macht.  AVhile 
our  work  has  been  in  progress,  an  article  has  appeared  in  this  journal,  pub- 
lished by  Ma.son  and  Pieck,^  and,  though  we  are  not  prepared  at  this  time  to 
give  all  the  data  we  have  obtained  but  shall  publish  our  main  report  at  a  later 
date,  yet  we  feel  inclined  to  present  in  this  ])reliminary  paper  the  results  of 
our  exi)eriments  with  benzyl  beiizoate  on  tin'  intestine  //(  silii.  as  well  as  those 
obtained  with  benzyl  einnamate. 

'i'Nr  hrn/.yl  esters  under  investigat icm  have  lieen  su|)plied  in  elieniically 
juiiT  fiii'in  hy  tlie  eiieiuical  research  department  of  tiie  Abbott  Laboratories. 
Li  testing  these,  we  have  experienced  the  same  difficulties  as  other  investiga- 
tors, es|)ecially  as  regards  a  suitable  means  of  diluting  the  benzyl  esters  for 
intravenous  injections.  In  our  study  of  tlie  a<'lion  of  these  benzyl  com- 
pounds on  the  intestines,  we  have  found  emulsions  of  the  l)enzyl  compounds 
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made  with  gum  acacia  to  be  the  most  favorable  for  intravenous  administration. 
These  emulsions  were  prepared  in  such  a  manner  as  to  contain  the  smallest 
possible  amount  of  gum  acacia  to  assure  thorough  distribution  of  the  benzyl 
compounds.  We  have,  however,  also  used  alcoholic  solutions  of  the  esters  in 
such  instances  where  the  alcohol  could  be  proved  not  to  interfere  too  greatly 
with  their  actions. 

Using  a  method  as  described  by  Jackson^  we  have  been  able  to  obtain 
marked  intestinal  relaxation  following  injections  of  relatively  small  amounts 


^o^^cLaa;^^. 


m'--'^ 


i'fc 


fjp.i'.jy.^JL  Tiui^-^fJ^'SX^, 


V  ai^-'73^. 


of  benzyl  benzoate  and  benzyl  cinnamate  (Figs.  1  and  2).  Experience  has 
taught  us  the  necessity  of  great  care  in  preparing  the  animal  and  also  of 
patience  in  waiting  for  the  benzyl  compounds  to  be  absorbed  and  to  exercise 
their  action,  and  allow  the  intestine  to  return  to  normal  contractions  before 
another  injection  is  made.  It  will  be  noted  that  the  benzyl  cinnamate  pi-oduced 
a  greater  intestinal  relax.itjon  than  benzyl  benzoate  in  equal  amounts.  In 
verifying  this  point,  we  were  able  to  relax  the  intestine  to  a  greater  extent  with 
only  one-half  the  amount  of  benzvl   cinnamate. 
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I'ig.   iB.      (1-uj    Jcsciiptiun,  sec  le.xt.) 

Our  rofnrds  of  tlio  hhidd  yiressure  (Fig.  3)  seem  to  indicate  that  benzyl 
(•iiiii:iiii;itc  lu\vci-s  I  lie  IiI(mhI   |)r('ssure  less  than  benzyl  benzoate. 

From  the  alio\c.  il  will  he  scon  Ihiit  our  fiiulinsi's  do  not  luirmonize  with 
those  of  Mason  and  I'icck.  Tlirsc  aniliors  i'c])oii  a  ncjili^'ilili'  effect,  or  no 
effect  a1  all.  on  the  intcslinc.  Tlicy  used  a  sonicwiial  different  method  (finger 
cot)  and   injected   liariuni  (ddm-idc  in  order  to  stimulate  the  iinixements  of  the 
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circular  intestinal  muscles.  In  our  work  we  lia\-e  endeavored  not  to  hurry 
the  experiments  with  barium  chloride  or  l>y  otlier  mechanical  means.  We 
have  had  greater  success  by  awaiting  the  normal  intestinal  movements  after 
gently  manipulating  the  organ  and  setting  the  apparatus  in  its  proper  loca- 
tion  for  movements  of  the  longitudinal   intestinal   muscles. 

In  one  of  our  experiments,  however,  we  did  use  barium  chloride  as  an 
intestinal  stimulant,  but  in  order  to  prevent  excessive  excitability  of  the  organ, 
we  first  injected  barium  chloride  alone  (I/2  c.c.  of  a  1  per  cent  solution)  and 
obtained  a  violent  contraction.  After  allowing  the  organ  to  return  to  normal 
movements,  we  now  injected  the  same  amount  of  barium  chloride  dissolved 
in  the  benzyl  emulsions.  Judging  from  our  tracings  (Fig.  4)  we  feel  quite 
certain  that  benzyl  benzoate  as  well  as  benzyl  cinnamate  diminish  the  intestinal 
constrictions  produced  by  barium  chloride. 

Since  benzyl  cinnamate  appears  to  be  more  effective  than  l)enzyl  lienzoate 
on  the  intestine,  we  may  here  add  that  it  is  a  solid  compound  at  ordinary  tem- 
perature but  readily  melts  at  bodj'  temperature.  Similar  to  benzyl  benzoate 
it  is  virtually  nontoxic  when  administered  orally.  We  have  fed  Yo  ounce  to 
a  dog  weighing  approximately  ten  pounds  without  any  noticeable  symptoms. 

Another  feature  we  have  noted  in  our  experiments  is  that,  after  repeated 
injections  of  large  doses  of  benzyl  esters  into  the  blood  stream,  the  arterial 
blood  becomes  very  venous  in  appearance.  We  have  noted  no  difference  in 
the  coagulation  period  of  such  blood  as  compared  with  normal  arterial  blood 
from  tlie  same  animal. 
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LABORATORY  METHODS 


ICE  WATER-BATH  IN  COMPLEMENT  FIXATION  FOR  THE  WASSER- 
MANN  REACTION— A  SHORTENED  TECHNIC 


I?v  W.  W.  Dike.  M.D.,  Kansas  City.  Mo. 

Till-;  ri'l  rigeratioii  or  ice  box  method  of  complement  fixation  for  the  Wasser- 
iiiaiiii  reaction  introduced  by  JacobstahP  (1910)  and  Guggenheimer^  (1911) 
and  ])()|)iilariziMi  by  McNeil,''  Altman,-*  Walker  and  Swifl.  Smith  and  ^lacNeal,' 
Ku(>digcr''  iiiid  iilhers  marks  the  chief  advance  in  \\'ass(>i'niann  teclinic  since 
the  inli-odnclioii  of  cholesterinized  antigen.  The  refrigeration  method  has  been 
lisid  ill  this  hiboi'atory  almost  exclusively  during  the  past  three  and  one-half 
years.  During  this  period  over  fifty  thousand  tests  have  been  carried  out  on 
more  than  ten  thousand  different  specimens  of  blood.    The  ice  box  method  has 
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been  run  in  parallel  with  the  37.5°  C.  incubator  method  from  time  to  time.  Our 
re.sults  harmonize  with  those  reported  in  the  literature  showing  that  the  refrig- 
eration method  is  much  more  delicate  than  the  warm  water  incubation  method 
and  we  believe  it  will  be  adopted  generally  in  the  course  of  time. 

A  serious  objection  to  the  refrigeration  method  has  been  the  time  required 
(4  hours)  for  incubation.  This  makes  the  ice  box  Wassermann  technie  re- 
quire in  all  about  seven  hours'  time.  By  using  an  ice  \vater-bath  instead  of  an 
ice  box,  we  have  been  able  to  shorten  the  time  for  incubation  to  one  hour 
without  materially  altering  its  result.  We  wish,  therefore,  to  report  briefly 
this  modification  of  the  method  with  a  few  typical  examples  of  reactions  which 
were  carried  out  simultaneously  by  the  warm  water-bath,  ice  box  and  ice 
water-bath  technie. 

METHOD 

According  to  the  original  refrigeration  technie,  the  tubes  are  .set  up  with 
antigen,  complement  and  blood  to  be  tested  and  placed  in  the  ice  box  at  ap- 
proximately 9°  C.  for  four  hours'  incubation,  after  which  time  the  sensitized 
cells  are  added  and  the  tubes  incubated  at  37.5°  C.  in  a  water-bath  for  one 
hour  when  the  readings  are  made.  By  the  modified  technie  to  be  described, 
the  tubes  are  set  up  according  to  a  method  to  be  described  subsequently  and 
are  placed  in  a  rectangular  galvanized  iron  pan  with  stopcock  for  drainage. 
Ice  water  is  poured  into  the  pan  until  it  reaches  a  level  higher  than  that  of 
the  fluid  in  the  tubes.  The  temperature  of  this  water  is  kept  at  8°  C.  for 
fifteen  minutes  by  the  addition  of  small  pieces  of  ice.  (The  temperature  of  a 
tube  placed  in  the  ice  water-bath  is  reduced  to  9°  C.  in  five  minutes  or  less.) 
After  the  exj^iration  of  fifteen  minutes,  the  ice  is  removed  with  the  result 
that  the  temperature  of  the  ice  water-bath  rises  approximately  one  degree  each 
half  hour.  At  the  end  of  the  hour,  the  ice  water  is  drawn  off  by  opening  the 
stopcock  and  the  pan  is  refilled  with  water  at  40°  C.  The  tubes  are  allowed 
to  remain  in  this  for  a  period  of  five  to  ten  minutes  in  order  to  remove  the 
chill  from  the  tubes  before  they  are  placed  in  the  37.5°  C.  water-bath.  The 
sensitized  cells  are  then  added  and  the  tubes  are  placed  in  the  37.5°  C.  water- 
bath  for  one  hour  at  which  time  the  readings  are  made.  The  above  details 
are  important.  If  the  tubes  are  not  warmed  before  they  are  placed  in  the 
warm  water-bath,  the  warm  water-bath  is  cooled  down  with  the  result  that 
the  complement  acts  too  slowly  and  may  make  the  control  tubes  simulate  the 
reaction  of  an  anticomplementary  serum. 

For  the  past  year  a  five  tul)e  test  has  been  used  in  this  laboratory  which 
is  set  up  as  follows : 

All  tubes  contain  amboceptor  (antisheep)  two  units,  patient's  blood  serum 
1/20  c.c,  sheep  cells  0.2  c.c,  of  a  5  per  cent  suspension,  antigen  1/5  the  anti- 
complementary amount  or  less,  salt  solution  to  a  total  volume  of  1.25  c.c. 

Tube  1  contains,  antigen  cholestcrinized  A%,  oomplemL>nt  1  unit. 

Tube  2         "       ,        "  "  .2%  "  1     " 

Tube  3         "       ,        "  "  .2%  "  2     " 

Tube  4         "       ,        "  Acetone  insoluble  "  2     " 

Tube  5         "       ,        "  Alcohol  extract  '•  2     " 

The  advantages  of  this  set  up  are  as  follows:     Tube  1  is  so  sensitive  that 
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it  comes  out  positive  in  the  overwhelming  majority  of  specific  cases  whether 
active  or  latent.  This  tube,  therefore,  is  useful  in  excluding  syphilis  in  the 
general  diagnosis  of  a  medical  case.  We  find  very  few  cases  of  syphilis  which 
can  be  diagnosed  clinically  or  by  spinal  puncture  which  do  not  give  a  positive 
reaction  in  Tube  1.  This  tube  gives  a  considerable  number  of  false  positives, 
in  fact,  it  gives  a  4+  reaction  in  33  per  cent  of  the  medical  cases  examined  as 
a  routine  invthis  clinic  without  regard  to  complaint.  (Bloods  sent  in  for  Was- 
sermann  reactions  because  of  suspected  syphilis  are  excluded  from  these  sta- 
tistics.) As  previously  mentioned,  this  tube  is  used  for  the  purpose  of  exclud- 
ing syphilis  in  the  routine  diagnosis  of  a  medical  case,  not  in  its  diagnosis. 
Tube  2  is  also  very  sensitive  although  less  so  than  Tube  1.  In  fact,  it  is  only 
about  one-fifth  as  sensitive  as  Tube  1.  However,  Tube  2  also  gives  a  number  of 
false  positives  and  gives  a  4-+  reaction  in  22  per  cent  of  general  medical  cases. 
This  test  is  also  used  in  excluding  syphilis,  not  in  its  diagnosis.  Tube  3,  which 
contains  two  units  of  complement,  is  less  sensitive  than  Tube  1  or  2.  It  gives 
fewer  false  positives.  Blood  which  gives  a  ±  reaction  in  Tube  3  gives  a  4  + 
reaction  in  Tubes  1  and  2.  A  4  +  reaction  in  this  tube  is  not  often  found  in 
anything  other  than  specific  cases.  Tubes  1,  2  and  3  come  out  4-i-  in  19  per 
cent  of  general  medical  eases.  Tubes  4  and  5,  in  which  two  units  of  complement 
are  used  and  the  antigen  is  noneholesterinized,  are  still  less  sensitive  than 
Tubes  1,  2  and  3.  We  have  no  record  of  these  two  tubes  giving  false  positives. 
They  come  out  4+  in  13  per  cent  of  general  medical  cases. 

It  is  interesting  to  compare  the  reactions  of  doubtful  and  weak  positive 
bloods  carried  out  by  the  three  technics,  that  is,  the  warm  water-bath,  the 
ice  box,  and  the  ice  water-bath.  We  have  run  a  great  number  of  parallel 
tests  in  this  way  in  the  laboratory  and  find  that  the  ice  water-bath  and  ice 
box  give  almost  identical  results  and  give  invariably  a  much  more  complete 
fixation  than  the  warm  water-bath.  They  are  each  approximately  five  times 
as  sensitive  as  the  warm  water-bath  method.  Several  typical  examples  are 
given  in  the  accompanying  tables. 

It  is  interesting  to  point  out  in  the  above  tables  that  the  blood  used  in 
Table  I  gave  a  completely  negative  test  by  the  warm  water-bath  techuic  and 
gave  4+  reactions  with  cholesterinized  antigen  and  one  unit  of  complement 
by  both  refrigeration  methods.  The  blood  used  in  Table  II  w'as  too  weakly 
positive  to  inhibit  two  units  of  complement  by  the  w'arm  water-bath  and  gave 
negative  tests  in  Tubes  3.  4  and  5.  It  gave  4+  reactions  in  Tube  3  by  the  re- 
frigeration methods  ;iiiil  a  1  +  and  2-  with  noneholesterinized  antigens.  The 
blood  used  in  Table  111  was  too  weakly  positive  to  show  any  inhibition  with 
noneholesterinized  antigens  (Tubes  4  and  5)  when  incubated  at  37.5°  C.  but 
gave  a  4+  reaction  in  these  tubes  by  the  refrigeration  methods.  The  above 
tests  are  tyi)ical  examples  of  reactions  given  by  (Imilitrul  or  weakly  positive 
bloods. 

A  clearer  conception  of  the  delicacy  of  the  tests  can  be  gained  by  an  ex- 
amination of  Tables  IV,  V,  A'T  and  Vil  in  which  several  strong  jKisitive  bloods 
are  titrated  and  tested  l)y  the  tlircc  methods.  In  tlii'sc  litraticins,  cliolesterin- 
ized  antigen,  .2  per  cent  -was  used,  l!  units  of  coinijlcincnt  in  Talili's  I  \'  and  V 
and  1   unit    nt'  (■(nnplenicnl    in   'i'ahli's   \"1    and    \'il. 
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Table  I 
A  Doubtful  Reaction  (Treated  C'nsf 
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TUBE   NUMBER 

WARM    WATER-BATH 
1/2   HOUR 

ICE  BOX  4  HOURS 

ICE    WATER-BATH 
1   HOUR 

1 

2 
3 

4 
5 

- 

4  + 
4  + 

4  + 
4  + 

Table  II 
A  Weak  Positive  Reaction   (Tiieated  Case) 


TUBE  NUMBER 

WARM    WATER-BATH 
1/2   HOUR 

ICE  BOX  4  HOURS 

JCE    WATER-BATH 
1    HOUR 

1 

4  + 

4  + 

4-1- 

2 

4  + 

4t 

4-t- 

3. 

_ 

4  + 

4-F 

4 

_ 

2  + 

2  + 

5 

- 

1  + 

2  + 

Table  III 
Positive  Blood  (Treated  Case) 


TUBE   NUMBER 

WARM    water-bath 
1/2   HOUR 

ICE  BOS  4  HOURS 

ICE    WATER-BATH 
1    HOUR 

1 

4-}- 

■i  + 

4-^ 

2 

4-f 

4-f 

4-1- 

3 

4-1- 

4-1- 

4-i- 

4 

_ 

4-)- 

4-^ 

5 

- 

4  + 

4-1- 

Table  IV 
Titration  of  Relatively  Strong  Positive  Serum   (2  Units  Complement) 


WARM    water-bath 

[CE  water-batii 

1/2  hour 

ICE    BOX    4.  HOURS 

1    HOUR 

1/3(T     c.c. 

4-!- 

4-f 

4-i- 

1/60       c.e. 

4-^ 

4  + 

4-^ 

1/100     c.c. 

4-F 

4  + 

4-1- 

1/200     c.c. 

1  + 

4-f 

4-f 

1/500     C.C. 

- 

4-^ 

4-r 

1/1000  C.e. 

- 

4-(- 

3-t- 

1/2000  C.c. 

- 

- 

- 

Table  V 
Titr.\tion  of  Strong  Positive  Serum  (2  Units  Complement) 


WARM    water-bath 

ice  water-bath 

serum 

1/2  hour 

1  hour 

1/30      c.c. 

4-1- 

--  + 

4-1- 

1/60      c.c. 

4-1- 

4-f 

4-1- 

1/100     c.c. 

44- 

4-1- 

4-1- 

1/200     c.c. 

44- 

4-1- 

4-1- 

1/500     c.c. 

1  + 

4-1- 

4  + 

1/1000  c.c. 

_ 

4-1- 

4-1- 

1/2000  c.c. 

_ 

3-)- 

3-(- 

1/3000  c.e. 

_ 

l-H 

1-1- 

1/5000  c.c. 

- 

- 

- 
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Table  VI 
Titration  of  Weak  Positive  Sebum  (1  Unit  Complement) 


SEKUM 

WARM  WATER-BATH 
1/2  HOUR 

ICE  BOX  4  HOURS 

ICE  WATER-BATH 
1  HOUR 

1/30   c.c. 

4  + 

4  + 

i  + 

1/60   e.c. 

4  + 

4  + 

i  + 

1/100  c.e. 

4  + 

4  + 

4  + 

1/250  c.e. 

1  + 

4  + 

4  + 

1/500  c.e. 

"  _ 

4  + 

4-1- 

1/1000  e.e. 

1  + 

1  ^ 

1/2000  e.e. 

- 

- 

- 

Table  VII 

TITRATION-   OF  STRONG  POSITIVE   SeRUM    (1   UXIT  COMPLEMENT) 


SERUM 

WARM  WATER-BATH 
1/2  HOUR 

ICE  BOX  4  HOURS 

ICE  W'ATER-BATH 
1  HOUR 

1/30   C.C. 

4-1- 

44- 

4-1- 

1/60   e.c. 

4-1- 

4-t- 

4  + 

1/100  C.c. 

4  + 

4-1- 

4-1- 

1/250  c.e. 

4:  + 

4-1- 

4-H 

1/.500  c.e. 

4  + 

4-1- 

4-1- 

1/1000  e.e. 

1-1- 

4-1- 

4:  + 

1/2000  e.e. 

_ 

4  + 

44- 

1/4000  c.e. 

_ 

_ 

2  4- 

1/5000  e.c. 

_ 

- 

1  + 

1/8000  c.c. 

- 

- 

- 

It  can  l)e  seen  in  Tallies  IV  to  VII  that  the  refrigeration  methods  (Ice 
box  four  hours  and  ice  water-bath  one  hour)  S'i^e  almost  identical  results  and 
that  both  are  five  times  or  more  as  delicate  as  the  Avarm  water-bath  method. 
These  ai-e  typical  examples  and  represent  average  results  obtained  in  many 
comjiarative  titrations.    It  seems  unnecessary  to  report  more  examples. 

The  (|uestion  \\liicli  finally  arises  concerns  whether  or  not  one  hour's 
incubation  in  tln'  ice  water-biith  gives  a  finished  reaction:  in  other  words, 
whether  or  iiol  inciiliation  for  a  longer  period  of  lime  or  by  a  different  method 
would  gi\'e  a  more  complete  fixation.  To  discover  if  (his  might  be  the  ease, 
a  number  of  eomiiaiMtive  titrations  were  made  in  which  different  methods  of 
incubation  were  used.  It  was  found  that  none  give  a  more  complete  fixation 
than  that  obtained  by  one  hour's  ice  water-bath  incubation. 

For  example,  in  several  series  of  titrations,  the  tests  were  incubated  one 
lionr,  two  hours,  riuii-  lio\n's  and  overnight  in  the  ice  water-bath.  The  i-es\ilts 
obtained  were  almost    identical. 

One  of  this  set  is  reported  in  Table  Vlll.  It  e:in  be  seen  that  with  both 
the  noncluilesterinized  and  eliolesterinized  antigen,  the  reaction  obtained  is 
aiiout  the  same  whi'thcr  the  tests  were  incubated  one.  two  or  four  hinirs  re- 
sided ixcly.  This  result  was  somewdiat  dilTefenl  fnnn  that  obtained  by  incu- 
bating bloods  for  varying  periods  of  tinu'  in  the  warm  water-bath.  Blood 
incubated  for  ouc-Ii.'ilf  hour  in  the  warm  water-batii  does  not  give  as  strong 
a  reaction  as  w  luui  iuculiatcd  U\v  a  pei'iod  of  one.  two  oi'  four  hours.  In  fact, 
foni'  hours'  ineuhali(Ui  in  tlic  warm  water-bath  gi\'es  a  reai'tiou  which  is 
definitelv  stronger  than  that   obtained  bv  one-half  hour's  iueul)atii>u.     We  be- 
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lieve  therefore,  that  one-lialf  or  one  hour's  inc-iibation  in  a  warm  water-bath  is 
inadequate. 

We  also  made  comparative  titrations,  incubating  first  in  the  ice  water-bath 
for  one  hour  and  following  this  incubating  in  the  warm  water-bath  for  one 
hour;  also  by  incubating  one  hour  in  the  ice  water-bath  and  then  allowing 
the  temperature  of  the  water-bath  to  rise  gradually  during  a  period  of  nine 
hours  to  room  temperature  and  finally  incubating  one  additional  hour  in  the 
warm  water-bath.  The  results  obtained  by  these  methods  were  little  or  no 
more  complete  or  positive  than  that  obtained  liy  one  hour's  incubation  in  the 
ice  water-bath.  We  believe,  therefore,  that  the  fixation  obtained  by  one 
hour's  ice  water-bath  incubation  is  complete  and  adequate  and  is  as  good  as 
that  which  can  be  obtained  by  any  method  with  which  we  are  acquainted  at 
the  present  time. 

Table  VIII 


Ice 

AYater-bath 

ANTIGEN 

.2% 

CHOLESTERINIZED 

noncholesterinized 

Hrs.  Incubation 

SERUM 

1  Hour. 

2    HOUKS 

4   HOURS 

1    HOUR 

2    HOURS 

4   HOURS 

1/30     c.c. 

4  + 

4  + 

4-F 

4  + 

4  + 

4  + 

1/60     c.c. 

4  + 

4  + 

4  + 

4  + 

4  + 

4  + 

1/100  c.c. 

4  + 

4  + 

4  + 

4  + 

4  + 

4  + 

1/130  c.c. 

4  + 

4  + 

4  + 

3  + 

3  + 

3-1- 

1/160  c.c. 

4  + 

4  + 

4  + 

- 

- 

- 

1/200  c.c. 

4  + 

4  + 

4  + 

- 

- 

- 

1/260  c.c. 

4  + 

3  + 

3  + 

- 

- 

- 

1/340  c.c. 

2  + 

2  + 

1  + 

- 

- 

- 

1/500  c.c. 

- 

- 

- 

- 

- 

- 

1/750  c.c. 

- 

- 

- 

- 

- 

- 

Table  IX 
Wakm  Water-bath 


Hrs.   Incubation 

SERUM 


.2%  CHOLESTERINIZED 


NOX  CHOLESTERINIZED 


1/30  C.t. 
1/60  C.C. 
1/100  C.C. 

1/130  c.c. 

1/160  c.c. 

1/200  c.c. 

1/260  c.c. 

1/.340  c.c. 

1/500  c.c. 

1/750  c.c. 


}  HOUR   1  HOL-R  2  HOURS  4  HOURS 


4  + 
4  + 
4  + 
4  + 
2  + 
1  + 


4  + 
4  + 
4  + 
4-1- 
3  + 
2  + 
1  + 


44- 
4-1- 
4-1- 
4-1- 
4-1- 
3  + 
3  + 
2-1- 


4-1- 
4  + 
4-i- 
4-1- 
4  + 
4-1- 
3  + 
2  + 


i   HOUR  '  1  HOLTJ   2  HOURS  4  HOURS 


4-f 

4-1- 
3  + 
2  + 


4  + 
4-1- 
4-t- 
1  + 


i  + 
4-1- 
4-1- 
3-1- 
1-1- 


4-1- 
4-1- 
4-1- 
3-1- 


CONCLUSIOXS 

1.  The  use  of  an  ice  icater-bath  for  one  hour  for  complement  fixation  for  the 
Wassermann  test  gives  as  complete  a  degree  of  complement  fixation  as  incubation 
in  the  ice  box  for  four  hours.  The  use  of  an  ice  water-bath,  therefore,  shortens 
the  refrigeration  technic  three  hours  without  altering  its  accuracy.  For  this 
reason  its  use  is  recommended. 

2.  I  acknowledge  with  pleasure  the  expert  assistance  in  this  work  of  Miss 
Elizabeth  Leas,  technical  laboratorv  assistant. 
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HEMOSTATIC  AGENTS* 


A  Further  Note  on  the  Details  in  the  Process  of  Assaying 


By  Herbert  C.  Hamilton,  Detroit,  Mich. 


TN  au  article  on  "Hemostatic  Agents"'  (this  Journal,  June,  1920)  I  cle- 
A  scribed  a  method  by  which  one  class  of  these  agents  can  be  standardized  in 
spite  of  the  fact  that  the  action  is  not  directly  that  of  a  coagulant,  but,  on  the 
contrary,  is  of  such  a  character  as  slowly  to  change  the  coagulability  of  the 
blood  when  it  is  administered  either  internally  or  hypodermatically.  Certain  fea- 
tures of  this  method  have  been  called  in  question  by  Hanzlik'-'  (this  Journal, 
November,  1920)  and  since  the  criticisms  concern  not  only  the  good  faith  and 
intelligence  of  the  author,  but  the  scientific  accuracy  of  the  method  in  several 
of  its  details,  I  feel  justified  in  restating  some  of  the  principles  of  the  test  and 
the  reasons  for  the  deductions  and  conclusions  which  followed. 

The  method  is  in  brief  an  adaptation  of  the  clinical  method  of  using  this 
particular  class  of  hemostatics.  The  dog  is  anesthetized  for  convenience  of  ma- 
nipulation and  the  coagulation  time  of  the  blood  carefully  observed  before 
and  after  administering  the  agent.  The  amount  of  blood  drawn  from  the  circu- 
lation is  approximately  3  to  5  c.c.  The  end  point  for  any  sample  of  blood  is 
complete  coagulation  so  that  the  tube  can  be  inverted  and  shaken  with  no 
evidence  of  fluid  blood. 

In  spite  (if  Ihc  ajijiarcnt  sim|)licity  of  the  method  certain  conditions  have 
been  specified  as  prerequisite  to  a  careful  scientific  demonstration  of  the  value 
of  the  agent.    These  are  as  follows: 

Animals  are  to  be  rejected  for  test  purposes,  first,  if  the  normal  coagulation 
lime  is  less  than  six  minutes;  second,  if  the  coagulation  times  of  the  samjiles  of 
blood  drawn  to  establish  the  normal,  are  found  to  vary  greatly,  particularly 
when  the  time  becomes  shorter;  third,  if  a  dog  fails  to  react  to  a  sample  which 
liad  been  demonstrated  to  be  an  active  coagulant  by  tests  on  two  other  animals. 

Kecords  of  experiments  on  70  dogs  show  the  average  normal  coagulation  time 
to  be  eight  niinules.  This  series,  includes  five  dogs  whose  normal  coagulation 
time  was  found  1o  be  five  minutes  or  less  and  three  with  coagulation  time  of 
twelve  minutes  or  more. 

•From  the  Research   Laboratory  of  I'arke,  Davis  and  Co..  Detroit,  Mich. 
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The  average  time  being-  eight  minutes,  it  is  logical  to  exelude  animals  with 
a  time  materially  less.  A  blood  coagulant  is  intended  primarily  for  cases  not 
exceptionally  short  but  either  normal  or  exceptionally  long.  Since  the  selected 
standard  for  Hemostatic  Serum  is  that  it  must  shorten  the  time  to  one-third  the 
normal  and  since  the  usual  shortening  is  considerably  greater  than  this,  five  to 
six  minutes  is  regarded  as  the  shortest  normal  time  that  could  be  permitted  as 
being  consistent  with  a  test  designed  to  recognize  the  highest  efficiency  of  the 
agent. 

"With  regard  to  the  second  reason  for  rejecting  a  dog — the  abnormal  varia- 
bility of  its  coagulation  time — the  reason  is  evident.  It  is  impossible  to  select 
a  normal  on  which  to  base  the  action  of  the  agent.  If  the  time  varies  from  nine 
minutes  to  three-foui'th  minutes  as  observed  by  Hanzlik  in  a  previous  experi- 
ment, it  is  not  possible  to  select  a  nomual  time  to  be  shortened  to  one-third  by 
the  agent. 

With  regard  to  the  third  cause  for  rejecting  a  test  animal,  namely,  failure 
to  respond  to  a  sample  of  known  activity,  it  may  be  said  that  pharmacologists 
are  obliged  to  accept  results  from  a  majority  of  animals  used ;  not  every  animal 
is  adapted  to  test  purposes.  Two  out  of  three,  three  out  of  five  or  five  out  of 
seven  are  commonly  accepted  as  sufficiently  accurate  results  in  all  biologic 
assaying.  Reference  to  almost  any  data  of  this  character  will  show  the  correct- 
ness of  this  statement. 

Another  point  to  which  Hanzlik  took  exception  is  the  precaution  to  assure 
oneself  as  to  the  character  of  the  clot.  "While  we  agree  as  to  the  end  point, 
i.  e.,  invertibilit.y  of  the  tube  without  a  trace  of  fluid  blood,  there  are  occasions 
when  this  condition  is  apparent  and  not  real  and  fluid  blood  is  present  beneath 
the  superficial  skin.  Which  is  better,  to  be  misled  in  thinking  a  clot  has  formed 
when  it  has  not,  or  to  assure  oneself  by  carefully  breaking  the  surface  to  ob- 
serve the  condition  of  the  major  portion  of  the  sample?  The  answer  seems  to 
me  to  be  obvious.  It  is  like  one  of  Euclid's  axioms.  A  blood  clot  is  a  true 
clot  when  none  of  the  blood  remains  fluid. 

The  manipulations  used  to  ascertain  the  character  of  the  clot  arc  indeed 
not  conducive  to  the  best  interest  of  the  clotting  process.  According  to  the 
most  elementary  rules  of  logic,  these  adversely  disturbing  factors  should  be 
held  as  corroborative  of  the  value  of  the  test.  This  author's  position  in  criti- 
cising what  is  evidently  a  meritorious  precision  in  reading  the  tests  is  to  say 
the  least  beyond  comprehension. 

Another  point  was  noted  in  tlie  original  communication  tliat  several  observers 
have  found  hemorrhage  to  be  self-limiting.  While  many  observations  of  my 
own  seem  to  discredit  this  statement,  the  possibility  that  repeated  withdrawals 
of  blood  might  vitiate  the  test  has  not  been  disregarded.  The  observations  of 
Drinker  and  Drinker,^  Am.  Jour.  Phys.,  1915,  xxxvi,  were  to  the  effect  that 
"Eapid  progressive  hemorrhage  causes  a  progressive  decrease  in  coagulation 
time."  The  data  on  which  they  based  the  statement  is  a  record  of  experiments 
on  rabbits  and  cats  in  which  the  maximum  shortening  was  37  per  cent.  The 
detailed  experiments  included  one  in  which  60  c.c.  blood  was  withdrawn  from 
the  vein  of  a  2  kilo  cat.     The   original   coagulation   time  of   14  minutes  was 
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sliortened  to  12  niimites,  an  actual  shortening  of  about  15  per  cent.  While  the 
authors  did  not  make  the  calculation,  it  is  well  known  that  the  average  blood 
volume  of  the  eat  does  not  exceed  one-ninth  the  weight  of  the  animal.  It  is 
a  fair  inference,  therefore,  that  the  amount  of  blood  drawn  is  approximately 
33  per  cent  of  the  total  volume  in  this  te.st  animal. 

In  the  other  detailed  experiment  of  Drinker  and  Drinker  50.5  c.c.  blood  was 
drawn  from  a  2.6  K.  rabbit.  The  shortening  of  coagulation  time  was  in  this 
case  from  18  minutes,  32  seconds  to  15  minutes,  33  seconds,  a  total  of  3  min. 
or  about  17  per  cent.  By  the  same  process  of  calculation,  the  amount  drawn 
was  about  20  per  cent  of  the  total  volume. 

Note:  The  quantity  of  blood  in  the  average  animal  is  approximately  one- 
thirteenth  of  the  body  weight^  (Luciani's  Human  Physiology,  Vol.  I,  p.  99). 
This  varies  so  greatly,  however,  that  one-ninth  was  selected  as  being  the  highest 
possible  ratio. 

The  large  proportion  of  the  blood  drawn  and  the  small  decrease  in  coagula- 
tion time  in  these  experiments  indicate  that  hemorrhage  is  not  a  serious  factor 
as  influencing  coagulation  time. 

Graj'  and  Lunt=  (Am.  Jour,  of  Phys.  Vol.  34)  conclude  that  "Hemorrhage 
decreases  clotting  time  especially  if  moderately  severe — 13  per  cent  of  the  cir- 
culating blood. ' ' 

Hanzlik  quotes  Howell"  (Harvey  Lectures  (1916-17)  p.  296)  to  the  eflfect 
that  "results  of  these  experiments  [cephalin  on  dogs]  have  not  been  published 
since  they  showed  many  irregularities  [italics  Hanzlik 's]  that  will  require  fur- 
ther experimentation  to  explain."  Without  the  details  one  is  at  liberty  to 
assume  that  it  is  the  action  of  the  cephalin  rather  than  any  other  factor  that 
showed  "many  irregularities."  Howell"  (loc.  cit.)  recorded  one  experiment  where 
cephalin  was  injected  intravenously  in  which  the  coagulation  time  was 
shortened  by  one-third  to  one-half  of  the  normal.  He  did  not  hesitate  to  credit 
this  change  to  the  cephalin.  The  teclinie  of  the  experiment  M'as  not  given  in 
detail  but  there  is  no  evidence  that  he  feared  the  influence  of  hemorrhage. 

Cannon  and  Gray*  (Am.  Jour,  of  Phys.  Vol.  34)  used  a  similar  method  to 
prove  that  adrenalin  shortens  the  coagulation  time.  They  prove  by  seven  or 
more  experiments  on  cats  that  the  time  can  be  shortened  over  a  period  of  about 
20  minutes  by  injection  of  adrenalin,  after  which  the  coagulation  time  returns 
to  normal.  In  several  e.xix'riments  they  show  no  material  change  in  coagulation 
time  when  no  adreiudin  \va,s  injected  thereby  demonslrating  the  correctness  of 
their  deductions  and  the  accuracy  of  the  method. 

In  view  of  the  additioiud  references  in  which  a  method  similar  to  the  one 
I  described  was  applied  and  further  in  view  of  the  fact  that  hundreds  of  physi- 
cians report  the  satisfactory  use  of  hemostatic  agents  which  Hanzlik  tested  with- 
out finding  them  efTective.  it  is  fair  to  conclude  that  his  methods  or  his  technie 
M'cre  at  faull. 

The  ri'iiiarkalile  prnpcrtics  (if  Hemostatic  Si'rum  ( llcmoiilast  in)  by  virtue 
of  wliii'h  it  shorlcns  tln'  coagulal  idii  time  of  the  blood  was  first  demonstrated 
clinically.  It  was  not  iinlil  several  years  afterward  that  this  method  was  se- 
lected as  a  means  of  standanlizal  inn.     ()tlier  metluids  fail  to  show  its  elVeelive- 
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ness  because  of  the  character  of  this  agent.  Its  action  is  to  change  the  character 
of  the  blood  so  that  the  coagulation  time  is  shorter  and  not,  as  is  the  case  with 
most  hemostatics,  a  local  action  on  the  escaping  blood  only. 

Progress  in  scientific  achievements  is  marked  by  improved  products  and 
improved  methods.  lu  the  case  of  a  new  or  improved  product,  the  improvement 
being  susceptible  of  clinical  demonstration,  it  is  not  illogical  to  expect  that 
a  change  in  method  may  be  necessarj^  to  demonstrate  that  value  in  the  labora- 
tory. In  the  present  instance  the  laboratory  method  selected  for  demonstrating 
the  activity  of  the  product  is  almost  identical  with  the  clinical  use  of  the  agent. 
When  it  is  demonstrated  that  the  clinician  has  been  misled  as  to  its  value,  then, 
and  not  till  then,  will  it  be  logical  to  conclude  "that  Hemostatic  Serum  (Hemo- 
plastin)  is  inert  *  *  *  as  a  hemostatic  in  vivo.'' 

Hanzlik's  more  detailed  description  of  his  method  of  obtaining  samples  of 
blood  throws  consideral)le  light  on  the  peculiar  results  obtained.  He  says"  (this 
Journal  Nov.  1920,  page  59)  "A  small  seraffine  clip  was  placed  on  the  vessel 
central  to  the  cannula.  When  the  hemorrhages  were  made,  the  clip  was  loosened 
and  1  to  2  c.c.  of  blood  allowed  to  escape  into  small  vials  of  4.5  cm.  length  and 
1.2  cm.  in  diameter  and  with  straight  sides.  Duplicate  tests  were  made  re- 
quiring the  withdrawal  of  about  4  c.c.  of  blood  at  most  into  the  vials  plus  the 
small  quantity  of  blood  left  behind  in  the  cannula  *  *  *.  In  several  in- 
stances it  was  possible  to  invert  the  vials  without  loss  of  contents  almost  imme- 
diately after  completion  of  the  hemorrhage  or  in  about  10  seconds." 

In  liis  original  communication  he  records  a  change  from  9  min.  for  complete 
coagulation  to  %  min.  and  one  may  assume  that  only  8  c.c.  of  blood  was 
drawn.  Is  it  probable  that  this  small  loss  of  blood  would  occasion  so  great  a 
change  in  the  rate  of  coagulation  ? 

An  unbiased  observer  would  say  that  this  change  in  coagulation  time  is 
due  not  to  any  change  in  the  circulating  blood  but  only  in  the  escaped  blood 
and  further  that  this  change  is  because  the  blood  remaining  in  the  cannula  has 
liberated  some  of  its  thrombin  and  thi-ombokinase  to  the  blood  being  drawn 
into  the  test  sample  thereby'  accelerating  the  clotting  process.  In  addition  to  this 
is  the  effect  of  the  seraffine  clip  which  would  undoubtedly  compress  the  artery 
sufficiently  to  squeeze  out  some  plastic  Ij^mph  containing  thrombokinase  which 
adds  still  further  to  the  acceleration  in  clotting.  These  details  which  as  Hanzlik 
said  "were  omitted  from  our  original  paper,  because  we  considered  them  suffi- 
ciently implied  in  the  data  given"'  are  quite  necessary  to  be  known  for  otherwise 
one  would  assume  that  reasonable  care  had  been  taken  to  eliminate  such  obvious 
errors  in  technic.  And  indeed  the  results  obtained  by  the  autlior  are  entirely 
due  to  these  technical  errors. 

Care  must  be  taken  not  to  traumatize  vessel  used  in  obtaining  the  blood. 
Cannula  or  needle  used  in  withdrawing  blood  must  be  perfectly  clean  and  must 
be  cleaned  at  each  bleeding  with  saline  solution.  It  is  obvious  that  the  condition 
of  the  cannula  is  of  paramount  importance  in  the  tests  since  if  allowed  to  remain 
in  situ  the  film  of  blood  adhering  to  its  walls  would  liberate  sufficient  Kinase 
to  accelerate  the  clotting  processes  at  subsequent  bleedings.  In  order  to  carrj^ 
out  the  test  in  such  a  wav  as  to  minimize  still  further  the  effect  of  faults  in 
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techiiu',  1  have  carried  (Uit  tests  on  horses  the  jirotocols  of  wiiieh  follow.  The 
method  iised  was  to  insert  a  trocar  with  its  caimula  into  the  vein  and  obtain 
the  blood  by  withdrawing  the  trocar  allowing  a  quantity  of  blood  to  escape 
and  be  rejected  before  saving  the  sample  for  observations. 

The  weights  of  the  horses  u.sed  were  approximately  500-600  kilos.  The 
samples  of  blood  varied  in  quantity  but  were  approximately  20  e.c.  The  tem- 
perature of  the  water-bath  into  which  the  tubes  were  placed  was  38°  {'.  Ob- 
servations were  made  at  1  minute  intervals,  tlie  records  being  made  by  .symbols- 
1,  2,  3,  4,  which  indicate  the  extent  of  coagulation  as  it  progresses  from  (-) 
when  no  fibrin  shows  to  (4)  which  is  a  complete  clot  with  no  liquid  blood  in 
evidence.  With  this  description  of  the  teehnic  the  protocols  seem  to  need  no 
further  explanation. 

No  additional  data  on  dogs — the  regular  test — are  included  at  this  time 
since  the  two  previous  articles'"  (this  Journal,  June.  11120)  and  J.  A.  Ph.  A. 
Feb.  1920)  contain  results  typical  of  those  obtained  in  testing  35  lots  of  Hemo- 
.static  Serum  (heiuoplastin). 

It  should  be  noted  here  that  the  amounts  injected  into  the  horses  were 
varied  in  order  to  find  what  dose  is  necessarj-  to  bring  about  a  reasonable  degree 
of  shortening-  in  the  coagulation  times  of  these  animals,  no  previous  work  having 
been  done  on  horses.  While  an  insufficient  amount  of  experimentation  has  been 
done  to  establish  a  dosage  it  is  evident  that  25  to  30  c.c.  might  be  regarded  tenta- 
tively as  an  average  dose. 

The  clinical  results  now'  extending  over  three  years  of  time,  the  coagulation 
studies  in  men,  (made  not  only  by  test  tube  methods,  but  also  by  the  Biifi-Brooks 
coagulometer  in  which  instance  only  four  drops  of  blood  are  used  at  each  study), 
the  physiological  testing  on  animals  of  thirty-five  (35)  dit¥erent  lots,  and  the 
studies  made  on  horses  and  cows,  the  protocols  of  which  are  here  appended,  all 
uniformly  show  the  activity  of  Hemostatic  Seruiu  in  reducing  the  blood  clotting 
time.  We  feel  warranted  in  concJuding  that  the  activity  of  Hemostatic  Serum 
in  reducing  the  coagulation  time  of  blood  can  now  be  regarded  as  a  matter  be- 
longing to  the  domain  of  established  facts. 

Horse  No.  525 

1         2        i         4         5         6         7         8         9         10         minutes 

iTii  -        -        -        1        1        1        2        2        3        i 

1:57  -         -         1         1         2         ;;         3         4 

2:05  -         -         1         2         2         :i         .I         4 

2:16  --123334 

2:1S  Injected  25  e.c.  ircinoiilnstiii  0."I981 

2:52  12         4 

2:5S  2         3         4 

3:02  2         4 

3:05  1         1         3         4 

3:11  13         4 

3:18  112         4 

Horse  quite  noticeably  affected  as  shown  by  labored  respiration  and  lassitude^ 
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HOKSF.  XO.  90.      XO   IXJECTION 


3:20 
3:45 
3:50 
3  :57 
4:04 
4:12 
4:1S 
4:23 
4:31 
4:38 
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4 

1 

2 

2 

3 

3 

3 

1 

1 

1 

2 

2 

3 

1 

2 

2 

3 

3 

4 

Xo  in; 

ection  nnd  no  marked  change  in  coagulation  except  in 

one  instance. 

Horse  Xo.  64 

1234         5         67S9         10 

11         minutes 

9:38 

- 

- 

1 

1 

2 

2 

3          3 

9:42 

- 

- 

1 

1 

2 

3 

3         4 

9:47 

- 

- 

1 

1 

2 

3 

3         4 

9:52 

ii'.i 

ected 

10  c.c 

11 

■mop 

astin 

0.549S1 

10:. 39 

- 

1 

2 

2 

3 

3         4 

10:51 

- 

- 

1 

3 

4 

10:56 

1 

2 

3 

4 

11:04 

1 

3 

4 

11:08 

1 

2 

3 

4 

11:14 

1 

2 

3 

3 

4 

There  was  no  evident  reaction  other  than  the  shortening  of  coagulation  time 
from  S  min.  to  3  to  4  minutes. 

HoKSE  No.  1129 


11:22 

- 

- 

1 

11:29 

- 

- 

1 

11:31 

- 

- 

1 

12:00 

Injec 

ted  15 

CO 

1:21 

- 

1 

1:27 

- 

2 

1:.34 

- 

2 

1:42 

- 

2 

1:49 

- 

2 

Xo 

evidence 

of  a 

reac 

tion  except  the 

shortened 

eoagulat 

on  time. 

Horse  No. 

■2 

1         2 

3 

4 

5        6        7 

8         9 

10 

minutes 

2 

23 

- 

- 

1 

1 

2 

3 

3 

2 

28 

- 

1 

2 

2 

3 

4 

2 

34 

- 

1 

2 

3 

3 

4 

2 

39 

In.i 

ected 

15  c.c 

05 

4981 

3 

10 

- 

1 

2 

4 

3 

15 

- 

2 

3 

4 

3 

19 

1 

2 

3 

4 

3 

23 

- 

2 

3 

4 

3 

30 

- 

3 

3 

4 
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Horse  No.  72 

2 

3 

4 

5 

6           7           8           9           10 

minutes 

3:38 

3 

4 

3:42 

2 

3 

3 

4 

3:48 

2 

3 

4 

4:00 

1 

2 

3 

4 

No 

evident  reaction 

exeejit  a  ! 

slightly  shortened  coagulati 

on  time. 

Trixt  67 

1 

2 

3 

4 

5 

6         7         8         9         10 

11          minutes 

2:38 
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- 

1 

2 

3 

3         3         4 

2:43 

- 

- 

1 

1 

2 

3         3         4 

2:48 

- 

- 

1 

2 

2 

3         3         4 

2:52 

i>^,i 

ected  30  e.c. 

54981 

3:30 

- 

1 

2 

3 

3 

3          4 

3:37 

- 

1 

1 

2 

3 

3         3         4 

3:45 

- 

1 

1 

2 

3 

4 

3:51 

-  • 

1 

2 

3 

4 

3:55 

1 

1 

2 

3 

4 

3:58 

1 

1 

3 

3 

4 

4:04 

1 

2 

3 

4 

4:10 

1 

1 

3 

4 

4:14 

1 

3 

4 

4:21 

1 

3 

4 

4:23 

2 

4 

No 

evidence  of 

a  reaction  other 

than  the  shortened  coagula 

tion  time. 

Test 

'  OF 

Hemoplastin  on  a  Heifer 

1 

2 

3 

4 

5 

6         7         8         9       10 

11         minutes 

10:34 

- 

- 

1 

1 

0 

2         3         3         4 

10:35 

- 

- 

- 

1 

1 

12         2         3         3 

4 

10:36 

- 

- 

- 

1 

1 

2         2         2         3         3 

4 

10:40 

Injected 

about 

15 

c.e.  E.x 

054981 

11:16 

- 

1 

2 

3 

4 

11:22 

- 

1 

2 

3 

3 

3         4'^ 

11:28 

1 

2 

4 

11:31 

1 

3 

4 

11:36 

1 

2 

3 

4 

11:41 

1 

2 

3 

4 

11:45 

1 

2 

3 

3 

4 

•Clotting    interfered    with   at   4    min. 
reading  is   incorrect.      Actual   time   4  to   5 

,     This 
minutes 

influenced    the    coagulation    to 

such    .in    extent    that    the 
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EDITORIALS 


Biochemical  Changes  in  Traumatic  Shock 

P  EEYIOUS  to  the  World  AVar  it  was  generally  held  from  experimental 
-^  work  that  shock  was  due  to  deficient  blood  or  fluid  contents  of  the  blood 
actually  circulating  in  the  vessels.  The  theory  of  splanchnic  congestion  held 
large  sway.  A  most  important  study  on  the  causation  and  pathology  of  shock 
was  made  by  a  special  investigation  committee,  appointed  by  the  British 
Medical  Research  Committee.  Through  their  work  we  have  acquired  a  much 
more  complete  picture  of  the  process  actually  occurring.  Attention  has  re- 
cently been  directed  not  so  much  the  physiologic  changes  as  to  biochemical 
reactions  occurring  in  shock.  As  a  result  of  investigations  along  these  lines 
we  can  now  hj-pothecate  quite  clearly  the  various  changes  occurring  during 
shock. 

During  the  war  shock  followed  trauma  and  was  apparently  increased 
by  hemorrhage,  pain,  exposure  to  cold,  mental  distress  and  rough  handling 
of  the  wounded.  It  was  soon  recognized  that  the  low  blood  pressure  could 
not  be  explained  by  a  collection  and  stasis  of  the  blood  in  the  veins  of  the  ab- 
dominal viscera.  This  was  amply  demonstrated  in  large  series  of  abdominal 
operations. 
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Wallaco  in  liis  report  cnipliasizcs  the  impcirtaiioe  of  dilTerentiatino-  be- 
tween primary  shoeli  A\liicli  may  be  analogous  to  faint  or  collapse  and  whieli 
iisually  comes  on  immediately  after  the  receipt  of  an  injury,  and  secondary 
woinul  shock  which  usually  does  not  occur  until  after  the  exciting  causes  above 
enumerated  have  had  time  to  get  in  their  effect.  He  suggests  that  primary 
shock  may  be  the  result  of  afferent  impulses  exhausting  the  vasomotor  sys- 
tem, but  that  the  information  recently  acquired  concerning  secondary  shock 
indicates  a  toxic  origin.  The  fact  of  its  late  development  corresponds  with  the 
time  required  for  the  elaboration  of  the  toxin. 

The  most  important  phenomena  observed  early  in  the  war  and  forming 
the  basis  of  the  new  studies,  were,  first  the  fact  that  congestion  of  the 
splanchnic  vessels  did  not  occur;  second,  that  there  was  no  loss  of  fluid 
into  the  tissues  suiflcieut  to  cause  edema ;  third,  that  as  shown  by  the  vital 
red  method  a  shocked  man  had  a  reduced  blood  volume,  and  fourth  that 
the  power  of  recovery  was  dependent  to  a  great  extent  upon  the  power  of 
circulation  to  take  up  fluid  from  the  tissues  or  to  retain  added  fluid.  Those 
cases  of  shock  which  still  retained  the  ability  to  keep  the  blood  diluted  did 
well  under  treatment,  while  those  in  which  this  power  was  feeble  or  lacking, 
did  not  respond  to  therapeutic  measures. 

Wallace  points  out  that  shock  is  usually  the  result  of  several  factors 
such  as  hemorrhage,  toxins,  cold  and  anesthetics.  It  iisually  does  not  result 
from  any  one  of  these  factors  acting  alone.  A  considerable  loss  of  blood 
may  be  compensated  by  the  drawing  of  fluid  from  the  tissues  into  the  vessels; 
or  toxic  products  alone  may  be  destroyed  or  excreted.  But  a  combination 
of  these  two  processes  makes  the  work  more  difficult.  Sometimes  recovery  fol- 
lows the  combined  action  of  even  three  factors,  but  if  in  addition  operation  is 
required  and  an  anesthetic  with  its  toxic  features  is  superadded,  the  result 
may  be  fatal. 

The  work  of  Crile  and  others  has  suggested  that  shock  is  due  to  failure 
of  the  vasomotor  mechanism.  But  Malcolm,  Henderson  and  Mann  and  others 
have  shown  that  the  vasomotor  center  is  active  during  shock  and  that  the 
defective  filling  of  the  heart  is  due  rather  to  a  reduction  in  the  volume  of 
circulating  blood.  This  reduction  appears  to  be  due  to  a  loss  of  plasma  from 
the  blood.  Such  a  loss  has  been  explained  in  shock  following  etherization  by 
the  fact  that  toxic  damage  to  the  capillary  endotheliiini  renders  it  abnor- 
mally permeable. 

Dale,  Laidlaw  niid  Ri<'har(ls.  have  lu-oduced  .shock  experimentally  by  the 
intravenous  injection  (if  histiuniuc.  Histamine  when  administered  paren- 
terally  produces  symptoms  similar  to  those  following  injection  of  the  protein 
poison  described  by  Yaughan  and  as  stated  by  Vaughan  is  probalfly  quite 
similar  in  its  chemical  constitution. 

When  injected  in  .small  amounts  the  drug  produces  a  lowering  of  the 
blood  pressure,  ap])areiitly  due  In  simple  vasodilatation.  In  larger  amounts 
it  causes  in  the  experimcnial  animal  a  tyjiical  shock-like  failure  of  the  circula- 
tion, with  arterial  constriction,  oligemia,  concentration  of  the  blood,  and 
failure  of  cardiac  output.  Tn  animals,  shocked  with  histamine  the  blood  does 
not  accinnulalc  in  (lie  iarii'c  arlfi'ies  or  large  veins,  nor  in  (he  liver  or  spleen. 
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There  develops  a  much  higher  concentration  of  red  blood  cells  in  the  blood 
than  before  the  advent  of  shock.  This  change  is  due  apparently  to  the  passage 
of  some  plasma  out  of  the  vessels  into  the  tissues.  The  loss  of  plasma  in  some 
eases  amounts  to  as  high  as  50  or  60  per  cent  of  the  original  plasma  volume,  or 
40  per  cent  of  the  entire  blood  volume.  In  addition  blood  accumulates  in  the 
venules  of  the  intestines  and  presumably  also  in  those  of  the  skeletal  muscles 
and  elsewhere.  The  arteries  however,  even  down  to  the  smallest  arterioles 
remain  consistently  constricted.  Dale  and  his  associates  believe  that  the 
most  important  early  phenomenon  occurring  in  shock  is  the  tendency  of  the 
blood  to  accumulate  in  the  capillaries  and  that  the  essential  cause  of  the  con- 
dition is  a  general  loss  of  the  normal  tonus  of  the  capillary  walls.  It  is  a 
fact  that  normally  only  a  small  portion  of  the  capillary  net  work  of  the 
body  is  functioning  at  any  given  time,  ilany  capillaries  are  entirely  collapsed. 
Following  a  call  for  increased  blood  volume  to  any  particular  tissue  the  capil- 
laries in  that  tissue  dilate,  thereby  producing  a  local  increase  in  blood  flow. 
The  authors  suggest  that  under  the  influence  of  a  large  dose  of  histamine  the 
capillary  tone  is  lost  throughout  the  body,  the  whole  of  the  potentially  avail- 
able capillary  bed  becomes  simultaneously  patent,  and  the  blood  percolates 
into  the  network  of  channels  as  water  into  a  sponge.  In  this  type  of  shock 
the  rapid  diminution  of  outflow  from  the  organs  into  the  veins  causes  a  fall 
in  venous  pressure.  The  heart  is  then  not  filled  in  diastole  and  its  output 
rapidly  declines.  The  arterial  pressure  declines  but  this  is  delayed  slightly 
by  arterial  constriction  in  the  peripheral  vessels.  In  animals  shocked  ^vith 
large  doses  of  histamine  there  is  added  to  this  the  passage  of  plasma  through 
the  vessel  walls  into  the  tissues  following  damage  to  the  capillary  endothelium. 

The  investigators  point  out  that  the  phenomena  of  local  inflammation 
are  of  the  same  nature  as  the  general  changes  seen  in  shock;  abnormal  per- 
meability of  capillary  walls,  transudation  of  plasma,  -concentration  of  the 
blood  by  loss  of  plasma  and  stagnation  in  dilated  capillary  channels. 

Dale,  Laidlaw  and  Richards  point  out  that  shock  usually  follows  extensive 
tissue  damage,  as  laceration  of  muscles,  liver  or  intestines  and  that  decom- 
position products  are  known  to  be  formed  in  the  body-tissues  having  au  action 
of  the  so-called  "histamine  type." 

Dale  in  studying  the  results  of  the  combined  action  of  histamine  and 
anesthetics,  found  that  while  relatively  large  doses  of  the  poison  alone  can 
be  tolerated  by  the  experimental  animal,  much  smaller  doses  cause  fatal 
shock  in  animals  which  have  previously  undergone  a  prolonged  ether  anes- 
thetization. A  conspicuous  feature  of  the  histamine  shock  in  an  anesthetized 
cat  is  the  rapid  concentration  of  the  blood  by  loss  of  plasma  and  the  asso- 
ciated stasis  in  the  capillaries.  He  assumes  that  one  factor  in  the  reduced 
tolerance  to  histamine  produced  by  ether  is  a  weakened  resistance  of  the 
capillary  endothelium.  This  weakening  once  produced  persists  for  some 
time  after  removal  of  the  anesthetic.  The  loss  of  plasma  is  less  conspicuous 
following  hemorrhage  than  following  ether  administration. 

Dale,  Laidlaw  and  Kichards,  while  hypothecating  the  very  interesting 
theory  of  histamine  shock,  admit  that  they  have  been  unable  with  the  tech- 
nic  at  their  disposal  to  demonstrate  a  local  dilatation  of  the  capillaries  as  a 
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result  of  histamine  application.  This  should  lie  the  first  step  in  the  testing 
out  of  their  hypothesis.  Kicli,  \v(iikiii<;  in  tli;'  pathologic  laboratory  of  Johns 
Hopkins  Medical  School  has  supplied  the  mi.ssing  evidence.  After  perfect- 
ing an  ingenious  cabinet  in  Avhich  to  examine  experimental  animals,  he  ex- 
amined the  omentum,  left  in  the  abdomen  but  placed  on  the  stage  of  a 
specially  constructed  microscope.  He  observed  the  capillaries  both  before 
and  after  the  local  application  of  histamine  di-hydroehloride  and  found  no 
change  in  the  size  of  the  capillaries  or  in  the  rate  of  flow  through  them. 
Nor  did  he  find  that  any  additional  capillaries  opened  up  which  had  not  been 
visible  before  the  application  of  the  drug.  He  next  observed  the  omentum 
in  the  same  manner  before  and  after  the  production  of  shock  by  intravenous 
injection.  Here  he  demonstrated  a  pronounced  slowing  of  the  capillarj^  stream 
accompanying  the  fall  of  blood  pressure,  but  no  widening  of  the  capillary 
bed.  Next  he  applied  strong  irritants  locally  and  in  the  same  manner  as 
he  had  applied  the  histamine.    He  again  obtained  negative  results. 

Eich  later  proved  that  even  the  moderate  manipulation  required  to  place 
the  omentum  on  the  stage  of  the  microscope  was  sufficient  to  produce  dila- 
tation of  the  capillaries,  so  that  even  in  his  controls  the  condition  for  which 
he  was  searching  had  already  occurred.  This  was  accomplished  by  opening 
the  abdomen  and  flooding  it  with  a  fixing  solution,  removing  the  omentum 
and  examining  it  after  staining,  under  the  microscope.  This  process  was 
carried  out  before  and  after  manipulation  of  the  omentum  and  again  after 
the  local  application  of  histamine.  He  concluded  from  these  studies  that 
handling  of  the  omentum  opens  the  normally  collapsed  capillaries,  either 
by  causing  a  loss  of  tone  or  by  stimulating  them  to  dilate.  Local  application 
of  normal  salt  solution  did  not  affect  the  capillaries  in  any  way,  but  histamine 
applied  locally  produced  markedly  dilated  tortuous  capillaries  engorged  with 
blood.  There  was  also  an  absolute  increase  in  the  number  of  visible  capil- 
laries. The  dilation  was  not  confined  to  the  capillaries  but  included  the 
smallest  arterioles  and  venules  at  the  periphery  of  the  capillary  bed.  That 
the  local  application  of  the  poison  gives  only  a  local  reaction  is  shown  by 
the  taking  of  blood  pressure  tracings  during  the  experiment.  The  pressure 
was  maintained  at  a  constant  normal  level. 

Rich  next  examined  the  fixed  tissues  of  the  omentum,  after  producing 
histamine  shock  by  intravenous  injection.  The  capillaries  and  smaller  arteri- 
oles and  venules  of  the  shocked  animal  were  definitely  dilated  and  engorged 
with  blood,  while  many  occult  capillaries  had  been  opened  up.  In  this  way 
he  demonstrated  that  a  widespread  peripheral  vascular  dilatation  occurred 
of  such  a  degree  as  to  seriously  ini])air  the  circulation.  Control  animals  did 
not  react  in  this  manner. 

In  tlie  experimental  slim-k  thus  i)rndu<'cd  there  w:is  a  fall  in  lilddd  jn-es- 
sui'e  corresponding  to  the  dilation  of  the  i)eri])heral  capillaries.  The  dilata- 
tion began  within  15  seconds  after  injection  and  there  was  no  recovery  from 
this  dilatation  even  at  the  time  of  the  secondary  rise  in  blood  pressure.  This 
secondary  rise  has  been  ascribed  by  Dale  and  Laidlaw  to  a  constriction  of  th(^ 
pulmonary  arteries.  Rich  also  confirnuHl  tlie  observations  of  Dale  and  Laiil- 
law   regarding   the   excellent    functional    condition    of    the    heart    in    histamine 
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shock.  Death  during  shock  was  always  due  to  resjiiratory  ratlier  than  cardiac 
failure.    The  inadequate  venous  return  to  the  heart  was  also  observed. 

Thus  Eicli  has  confirmed  the  work  of  the  other  investigators  and  has 
carried  our  knowledge  one  step  further. 

The  amiuo-acid  histidine  is  cue  component  of  practically  every  body  pro- 
tein. Histamine  is  derived  from  this  amino-acid  by  decarboxylization.  Com- 
parison of  histamine  with  Vaughan's  protein  poison  shows  striking  similarities. 
The  latter  also  is  present  in  all  body  proteins.  Typical  anaphylactic  shock 
can  be  produced  by  either  substance.  The  symptoms  and  pathologic  findings 
are  practically  identical.  Vaughan  writes,  "With  our  poison  histamine 
seems  to  agree  closely.  Both  induce  bronchial  spasm  and  distension  of  the 
lungs  in  guinea  pigs  and  cause  prompt  and  marked  fall  in  blood  pressure  in 
dogs.  Neither  destroys  the  coagulability  of  the  blood.  In  the  purest  form 
in  which  we  have  obtained  it,  our  poison  kills  guinea  pigs  intravenously  in 
doses  of  0.5  mg.  and  this  is  the  fatal  dose  for  histamine.  When  the  active 
agents  in  our  crude  poisons  are  isolated  we  shall  not  be  surprised  if  histamine 
or  some  closely  allied  body  is  among  them." 

Bayliss  and  others  have  shown  that  acidosis  is  not  the  cause  of  traumatic 
shock.  The  intravenous  injection  of  solutions  of  sodium  bicarbonate  have 
only  a  brief  effect  in  raising  the  blood  pressure  and  if  small  doses  are  given 
during  the  development  of  shock,  they  have  no  power  to  prevent  its  appear- 
ance. The  injection  of  lactic  acid  during  the  state  of  .shock  from  muscle 
injury  does  not  in  any  way  exaggerate  the  condition  and  in  some  cases  has 
been  found  to  benefit  it  by  raising  the  blood  pressure.  Lactic  acid  is  there- 
fore not  the  causative  agent.  Nor  are  other  acids  as  such  the  causative  agents. 
Bayliss  concludes  that  some  other  substance  produced  by  tissvie  disintegration 
must  be  responsible  and  he  turns  to  histamine  or  some  related  compound 
to  explain  the  condition. 

lie  found  through  experimental  investigation  that  the  Ijlood  pressure  can 
be  permanently  restored  by  gum  acacia  solution  injected  intravenously.  Also 
the  development  of  shock  from  even  very  severe  muscle  injury  could  be  pre- 
vented by  repeated  small  injections  of  gum,  as  the  blood  pressure  fell  from 
time  to  time.  He  found  it  quite  effective  as  late  as  five  and  one-half  hours 
after  the  injury  provided  the  blood  pressure  had  not  been  so  low  as  to  cause 
paralysis  of  the  nerve  centers.  Bayliss  concludes  that  the  toxic  products 
can  be  removed  or  destroyed  as  quickly  as  they  pass  into  the  blood  current 
if  the  volume  of  blood  is  kept  sufficiently  large  to  ensure  a  good  circulation 
and  supply  of  oxygen  to  the  tissues.  Whether  the  toxic  products  are  oxi- 
dized as  is  lactic  acid  or  whether  they  are  rendered  harmless  by  passing 
through  the  liver  is  unknown.  He  points  out  that  histamine  disajjpears  very 
rapidly  fi-om  the  circulation  if  the  circulation  is  effective.  He  further  states 
that  in  shocked  soldiers  in  which  there  was  no  evidence  of  much  hemorrhage  there 
was  permanent  improvement  following  the  intravenous  injection  of  gum  so- 
lution. 

Cannon  and  Bayliss  have  shown  that  extensive  muscle  injury  in  the  ex- 
perimental animal  will  result  in  a  fall  of  blood  pressure  and  the  symptoms 
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of  sliock.  Also  tliat  massan'p  of  tlie  danuiscd  tissue  increases  the  condition  of 
shock.    Tlioy  jioint  to  tlie  analogy  in  the  case  of  traumatic  shock  in  men. 

Cannon  showed  that  traumatic  experimental  shock  was  not  due  to  nervous 
stimulation,  by  producing  the  condition  in  animals  by  damage  to  the  muscles 
after  preliminary  severance  of  the  cord  in  the  lumbar  region.  He  produced  shock 
iu  cases  in  which  the  nerves  to  the  limb  traumatized  had  previously  been  severed 
at  the  point  of  their  emergence  from  the  pelvis.  Finally  he  showed  that  shock 
was  not  produced  even  though  the  nerves  were  intact,  when  the  blood  vessels  lead- 
ing from  the  damaged  limb  were  previously  ligated.  If  the  blood  vessels  were 
subsequently  opened  and  the  blood  was  permitted  to  flow  in  and  out  of  the 
damaged  region  as  long  as  33  minutes  after  the  trauma,  shock  appeared.  Lastly, 
if  after  shock  had  been  established  the  blood  vessels  to  the  injured  leg  were 
ligated  the  symptoms  of  shock  soon  commenced  to  disappear. 

It  is  of  considerable  interest  to  compare  the  preceding  observations  with 
those  made  by  McNee  and  his  associates  in  the  treatment  of  wound  shock  in 
soldiers.  The  phenomena  which  they  attempted  to  combat  were  first  the  lower- 
ing of  the  body  temperature,  second  the  lowering  of  the  blood  pressure,  and 
third,  the  diminution  of  the  blood  volume.  The  two  latter  were  treated  by 
either  transfusion  of  blood  or  by  the  injection  of  gum  salt  solution  intrave- 
nously. The  dramatic  effects  with  blood  transfusion  were  not  seen  following 
infusion  with  gum  salt.  The  difference  is  however  superficial,  due  to  the  fact 
that  with  blood  the  man  loses  his  ashen  hue,  the  face  and  lips  redden  and  the 
man's  general  appearance  alters  completely.  With  gum  solution,  the  red  cor- 
pu.scles  being  absent,  there  is  no  such  objective  change  and  the  observer  must 
look  deeper  than  the  .skin  for  evidences  of  improvement.  Above  all  he  must 
watch  the  blood  pressure.  It  was  the  ease  of  hemorrhage  combined  w-ith  not  more 
than  a  very  moderate  degree  of  shock  which  constituted  the  successful  cases. 
Those  cases  with  severe  shock  and  little  hemorrhage  did  not  respond  nearly  so 
readily  to  treatment.  Administration  of  sodium  bifarbonate  intravenously 
never  resulted  in  any  apparent  benefit.  An  observation  of  .striking  signifi- 
cance was  tlie  fact  that  in  those  cases  severely  shocked  there  was  usually 
very  extensive  injui'v  to  nniscle  tissue.  When  the  wound  consisted  of  a 
severe  lacei'ation  of  ;i  limb  it  was  sometimes  iiossibU'  at  tlie  height  of  the  im- 
provement to  perform  a  v;-ry  rapid  "guillotine"'  amputation.  This  operation 
was  commonly  followed  by  a  remarkable  and  maintained  improvement.  Oc- 
casionally the  application  of  a  tight  tourni(|uet  above  the  site  of  the  muscle 
injury  produced  similar  good  effects. 

Another  correlation  between  the  experimental  findings  and  the  observa- 
tions in  wounded  men  was  made  by  Keith,  who  .studied  blood  volume  in 
wound  sliock.  He  found  that  in  individuals  who  had  undoubtedl.v  lost  a  con- 
siderable amount  of  blood  the  red  corpuscles  and  hemoglobin  estimation  fre- 
quently clo.sely  approximated  the  normal.  In  cases  of  extremely  severe  primary 
hemorrhage,  the  reduction  in  corpuscles  and  hemoglobin  percentage  was  strik- 
ingly small  in  view  of  the  actual  amount  of  blood  lost.  The  red  cell  content 
per  volume  of  blood  apjiears  therefore  to  be  of  less  impoi'tanee  in  shock  than 
is  the  total  iiniount  of  the  circulating  blood.  Studying  this  hitter  factor  Keith 
found  that  the  lolal  lilood  and  plasma  volume  were  consistently  reduced,  thus 


EDITORIALS  411 

explaiuiug  the  anemic  condition  of  the  patient  in  spite  of  a  relatively  high 
blood  count.  He  also  showed  that  the  lessened  blood  volume  bore  a  definite 
relation  to  the  severity  of  the  clinical  symptoms.  In  a  jiatient  with  distinct 
symptoms  of  shock  the  blood  volume  ranged  from  51  to  85  per  cent  of  normal 
and  there  was  a  corresponding  reduction  of  plasma. 

That  this  deficiency  of  blood  was  not  due  entirely  to  loss  of  blood  from 
hemorrhage  but  that  other  factors  played  an  imj^ortaut  part  is  indicated 
by  the  fact  that  donors  for  transfusion  who  frequently  lose  as  high  as  800 
c.c.  of  blood  do  not  suffer  from  the  same  symptoms.  In  fact  Keith  found 
that  in  these  latter  the  blood  volume  frequenth-  returned  to  normal  within 
one  hour's  time.  Even  without  hemorrhage  shock  may  be  accompanied  by 
a  fall  of  blood  volume.  This  is  not  accompanied  by  a  fall  in  hemoglobin, 
but  the  hemoglobin  percentage  rises.  Thus  a  rising  hemoglobin  in  shock 
indicates  a  bad  prognosis.  The  loss  of  plasma  results  in  a  concentration 
of  red  cells  and  of  hemoglobin.  There  are  other  factors  in  the  production 
of  the  low  blood  volume  observed  in  wound  shock  than  the  actual  amount  of 
blood  lost. 

Keith  studied  the  reaction  during  the  injection  of  six  per  cent  gum  acacia 
solution,  a  mixture  having  the  same  viscosity  as  whole  blood  and  the  same 
osmotic  pressure  as  i^lasma.  This  solution  frequently  gave  results  entirely 
comparable  to  those  following  transfusion.  In  cases  recovering  after  injection 
of  gum  solution  there  was  always  demonstrated  an  actual  increase  in  plasma 
and  in  total  blood  bulk.  In  those  cases  that  did  not  respond  to  vigorous 
treatment  with  gum  solution,  the  trouble  appears  to  have  lieen  due  to  an 
inability  of  the  va.scular  system  to  retain  the  added  fluid.  Thus  in  one  case, 
one  hour  after  1000  c.c.  of  gum  solution  had  been  injected  the  increase  in 
total  blood  volume  was  only  200  c.c.  Autopsy  in  those  cases  failing  to  react 
frequently   showed   markedly   edematous   lungs   and   subcutaneous   tissues. 

"White  and  Erianger  have  experimented  with  the  intravenous  injection 
of  gum  solution  and  glucose  in  shocked  animals.  The  solution  used  con- 
sisted of  18  per  cent  glucose  and  25  per  cent  gum  acacia.  They  found  that 
in  shock  the  concentration  of  the  protein  in  the  plasma  was  not  appreciably 
changed  and  assumed  therefrom  that  in  shock  the  permeability  of  the  vessel 
walls  was  increased.  After  injection  of  the  solution  the  blood  volume  in- 
creased from  the  shock  level  and  continued  to  increase  to  even  above  the 
initial  normal  level.  After  this  it  again  fell  off  gradually  until  at  the  end 
of  seven  hours  it  reached  approximately  its  initial  level. 

Regarding  the  plasma  protein  it  had  been  found  as  stated  that  the  concen- 
tration under  shock  was  practically  unchanged  from  the  normal  concentra- 
tion, but  that  the  absolute  amount  of  plasma  protein  was  greatly  diminished 
to  correspond  with  the  diminution  in  blood  volume.  With  the  increase  of 
blood  volume  following  injection  the  absolute  amount  of  protein  increases 
definitely  but  not  as  rapidly  as  does  the  volume.  In  other  words  the  fluid 
drawn  in  is  not  so  rich  in  protein  as  is  the  plasma  but  neither  is  it  protein 
free.  When  the  blood  volume  subsequently  begins  to  fall  away  the  protein 
continues  to  increase  even  while  water  is  passing  back  out  of  the  vessels.  The 
protein  concentration  rises  faster  than  the  plasma  volume  falls.     White  and 
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Erlaiiger  sugg-cst  as  an  explanation  that  wlion  tlip  injection  is  being  given 
the  fluid  (IraMH  in  brings  with  it  protein  through  the  abnormally  permeable 
walls  but  in  lowered  concentration  than  it  occurs  in  plasma.  Then  as  the 
blood  pressure  rises  the  circulation  improves  and  lymph  flow  is  reestablished. 
The  lymph  flow  from  the  liver  and  intestines  is  probably  accelerated  to  a 
greater  degree  than  from  the  extremities.  As  the  circulation  to  these  organs 
is  improved,  the  normal  lymph  flow  is  reestablished  and  the  lymph  carries 
back  into  the  blood  stream  through  the  thoracic  duct  the  plasma  protein  which 
has  accumulated  in  the  tissue  spaces  of  the  liver  and  intestines,  during  the 
induction  of  shock.  Thus  jirotein  is  entering  the  blood  stream  even  while  the 
blood  volume  is  falling. 

The  work  of  White  and  Erlanger  on  normal  and  shocked  animals  in- 
dicates that  the  hypertonic  glucose  solution  first  draws  fluid  into  the  vessels 
and  that  as  the  sugar  rapidly  disappears  from  the  Iflood  the  fluid  is  retained 
in  the  circulation  by  the  gum  acacia  solution. 

Aub  has  recently  studied  the  basal  metabolism  in  shocked  animals.  He 
finds  that  experimental  traumatic  shock  causes  a  marked  fall  in  the  rate 
of  basal  metabolism  to  70  per  cent  of  the  original  level.  The  degree  of 
fall  is  dependent  iipon  the  severity  of  the  shock  produced.  Shocked  in- 
dividuals not  only  lose  heat  rapidly  by  sweating  but  they  also  fail  to  pro- 
duce sufficient  heat  to  keep  themselves  warm.  Eecovery  from  shock  after 
blood  transfusion  is  usually  associated  with  a  prompt  return  of  the  metabolic 
rate  to  a  normal  level.  As  an  explanation  for  this  fall  in  metabolic  rate 
Aub  and  Cunningham  find  a  markedly  diminished  oxygen  content  of  the 
venous  blood.  This  change  occurs  before  the  blood  pressure  falls  to  a  shock 
level  and  is  still  present  after  apparent  recovery  from  shock.  The  blood 
flow  is  also  greatlj'  decreased  in  the  development  of,  during  and  after  shock. 
They  suggest  that  the  anoxemia  of  the  tissues  may  be  the  cause  of  the  de- 
creased metabolism.  The  decreased  blood  flow  and  the  reduced  oxygen  con- 
tent of  the  venous  blood  results  in  a  secondary  fall  in  metabolism.  The  blood 
flow  becomes  markedly  slowed  before  the  onset  of  a  shock  level  of  blood 
pressure  and  the  metabolism  does  not  fall  until  later. 

They  point  out  that  a  vicious  circle  is  formed.  As  an  oxygen  want  de- 
velops in  contracting  muscles,  many  empty  capillaries  fill  with  blood.  This 
stage  reduces  the  distance  necessaiy  for  the  diffusion  of  gases  into  the  tis- 
sues. Thus  as  anoxemia  develops  the  capillary  bed  increases  in  volume. 
This  further  deerea.ses  the  already  slow  blood  flow  and  the  slower  the  flow 
the  greater  becomes  the  oxygen  consumption  per  cubic  centimeter  of  blood. 
This  produces  a  decrease  in  oxygen  content  of  the  venous  blood. 

Anil  Mud  Wu  in  investigating  the  chemical  changes  in  the  blood  during 
•shock,  I'oiiiul  that  animals  Avith  marked  muscle  trauma  but  without  true 
shock,  showed  only  slight  changes  in  total  nonprotein  nitrogen,  ui'ea,  creatin 
and  sugar  in  the  blood.  All  of  these  constituents  increase  as  shock  develops 
but  this  was  especially  true  of  the  creatin  and  the  sugar.  The  marked  rise 
in  creatin  is  direct  evidence  of  the  presence  in  the  blood  of  products  of  muscle 
necrosis  and  therefore  suggests  that  the  theory  of  the  chemical  causation 
of  traumaiic  shock  is  probably  the  correct  one.  The  rise  in  l)lood  during  shock 
is  not  ciilirely  ('Xi)biin(Nl. 
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Keith  outlines  a  method  to  be  used  in  combating  traumatic  or  sur- 
gical shock,  based  upon  tlie  foregoing  theory  of  causation.  lie  divides 
clinical  eases  into  three  groups.  First  the  "compensated"  eases.  In  this 
type  the  patient  has  no  special  symptoms  except  pain  at  the  location  of 
the  wound  and  feeling  of  general  weakness.  The  pulse  is  increased  to  90 
or  110.  The  systolic  blood  pressure  remains  above  110  and  the  blood  vol- 
ume is  never  reduced  below  80  per  cent.  The  treatment  in  this  type  con- 
sists of  rest  in  a  warm  bed  and  if  symptoms  of  failing  compensation  appear 
during  or  after  operation,  the  administration  of  gum  solution  in  500  c.c. 
amounts.  Saline  by  rectum  may  be  given  either  by  eontimious  drip  or  by 
injections  of  400  c.c.  every  two  hours. 

The  second  group  designated  "partially  decompensated,"  consists  of 
those  in  Avhich  the  pulse  rate  is  between  120  and  140  and  difficult  to  count, 
the  systolic  blood  pressure  is  below  90,  usually  70  to  80,  and  the  blood  volume 
ranges  between  65  and  76  per  cent.  The  patient  is  usually  vary  pale,  restless, 
thirsty  and  vomits  readily.  The  extremities  are  cold  and  partially  anesthetic, 
to  painful  stimuli.  The  management  is  more  difficult.  The  application  of  heat 
is  important.  If  after  one  or  two  hours  the  pulse  is  not  improved,  fluid 
should  be  administered  either  by  rectum  or  by  gum  solution,  500  c.c.  amounts 
intravenously.  This  should  be  checked  by  hemoglobin  estimations.  A  rising 
hemoglobin  after  intravenous  administration  is  of  bad  prognostic  significance. 
The  pulse  and  blood  pressure  readings  are  reported  at  half  hourly  intervals  fol- 
lowing the  infusion.  If  improvement  is  only  transient  a  second  infusion  of  gum 
may  be  administered  and  is  frequently  followed  by  stead.y  improvement.  If 
even  after  this  the  patient  does  not  improve,  blood  transfusion  should  be 
given  a  trial. 

The  third  group  of  "uncompensated"  cases  are  those  in  which  the  pulse 
cannot  be  felt  and  the  blood  pressure  has  fallen  below  60  mm.  mercury. 
The  heart  rate  is  found  on  auscultation  to  be  120  to  180.  Some  cases  have 
a  heart  rate  below  100  but  this  is  almost  invariably  a  terminal  phenomenon. 
The  blood  volume  is  below  65  per  cent  of  the  normal.  The  patient  is  in  an 
extremely  serious  condition.  He  is  restless,  very  thirsty  and  vomits  imme- 
diately on  being  given  fluid.  The  extremities  are  very  cold  to  touch.  The 
pulse  cannot  he  felt.  In  this  third  group  infusion  of  gum  solution  and  even 
transfusion  of  whole  l)lood  are  as  a  rule  without  avail. 

The  gum  acacia  solution  used  by  Keith  consists  of  6  per  cent  solution. 
It  may  be  advisable  to  trj-  the  concentration  used  experimentally  by  White 
and  Erlanger  consisting  of  18  per  cent  glucose  and  25  per  cent  gum  acacia. 

The  experiments  of  Aub  and  his  co-workers  suggest  that  the  vicious 
circle  of  anorexia  should  be  combated  with  plenty  of  fresh  air  or  the  ad- 
ministration of  oxygen. 

During  the  war  when  eases  of  shock  requiring  treatment  were  very 
numerous,  the  availability  of  gum  acacia  solution  rendered  its  use  highly 
desirable.  But  in  peace  time  cases  of  shock  are  usually  single  and  usually 
there  is  ample  opi^ortunity  for  obtaining  sufficient  whole  blood  for  the  trans- 
fusion. There  have  been  many  cases  in  which  gum  acacia  even  when  used  as 
outlined  by  Bayliss  has  been  Avithout  avail.  This  of  course  is  also  true  of 
lilood   transfusion,   but    apparently   less   frequently.      It    appears   that    trans- 
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fusion  is  the  nietliod  iif  c-hoic-p  wheiiover  practii-;il)li\  AVIkiIi'  hlodd  may  he 
used  or  if  transfusion  is  repeated  frecjuently,  lilood  plasma  without  the  eor- 
puscles  may  be  used. 

Tliere  is  considerable  difference  of  opinion  as  to  whether  direct  trans- 
fusion (U'  indirect,  with  the  use  of  sodium  citrate,  is  to  be  preferred.  A  great 
disadvantage  of  the  latter  method  is  that  in  a  very  high  proportion  of  cases  so 
treated  a  reaction  occurs  in  the  form  of  chill  and  frequently  fever.  In  some 
eases  the  added  burden  of  this  reaction  might  be  sufficient  to  determine  a  fatal 
issue.  With  the  most  painstaking  administration  one  is  never  entirely  sure 
^Yhether  or  not  eitrated  homologous  blood  is  going  to  produce  a  reaction. 
Direct  transfusion,  when  correctly  performed  is  free  from  this  disadvantage. 

Stimulation  of  the  heart  with  digitalis  preparations  or  the  vasomotor 
system  with  strychnine  appears  not  to  be  indicated  by  the  evidence. 

Ether  anesthetization  certainly  predisposes  to  shock.  When  there  is 
danger  of  shock  gas  oxygen  or  local  anesthesia  should  be  used  if  possible,  or 
a  minimum  of  ether  should  be  administered.  The  abundant  administration 
of  fluid  by  mouth  in  pre-operative  cases  is  strongly  indicated  by  the  experi- 
mental evidence.  It  may  be  that  at  some  future  time  some  substance  will 
be  discovered  which  will  neutralize  the  poisonous  action  of  the  hypothetical 
histamine-like  body. 
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CHAULMOOGRA  OIL  IN  THE  TREATMENT  OF  TUBERCULOSIS* 


By  "WiLLiAii  L.  Culpepper,  B.Sc,  Dr.  P.H.,  M.D.,  and  ^Iar.torie  Ablesox, 
Detroit,  Mich. 


THE  use  of  cliaulmoogra  oil  iii  the  treatment  of  leprosy  and  various  cuta- 
neous diseases  has  been  recorded  since  1596  A.D.  The  oil  is  obtained  from 
the  seeds  of  Taralvtogenos  Kurzii,  King  Family,  Flacourtiaceaj,  a  tree  native 
to  the  forests  of  Burma  and  eastern  India.  The  tree  produces  a  large  fruit 
with  numerous  seeds  imbedded  in  the  pulp  and  it  is  from  these  seeds  that  the 
■oil  is  expressed.  The  term  "Chaulmoogra  odorata"  was  applied  to  the  tree 
by  Roxburgh  in  1814.  Siam  produced  a  tree  closely  related  to  the  gynocardia, 
the  seeds  of  which  were  used  bj-  the  ancient  Chinese  for  medicinal  purposes. 

The  crude  oil,  expressed  cold  from  the  seeds,  is  a  solid,  possessing  light 
brown  color,  pungent  odor,  highly  disagreeable  and  nauseating  taste.  The 
early  method  of  administration  was  by  external  application  in  conjunction 
with  other  oils.  This  was  superseded  bj-  an  oral  administration.  The  nauseat- 
ing and  irritating  properties  have  been  an  obstacle  to  its  use  in  modern  med- 
icine. The  problem  presented  was  that  of  retaining  the  active  principle  of  the 
oil  and  at  the  same  time  eliminating  the  undesirable  effects.  Little  progress 
was  made  until  1890,  when  hope  of  a  possible  cure  for  leprosy  aroused  by  the 
heroic  efforts  of  the  Belgian  priest.  Father  Damien,  stimulated  further  investi- 
gation with  chaulmoogra  oil. 

The  oral  administration  of  the  drug  was  unsatisfactory  because  of  the 
unavoidable  gastric  disturbance  which  accompanied  it.  Investigators  accord- 
ingly resorted  to  subcutaneous  and  intramuscular  injection.  Encouraging 
results  were  obtained  by  mixing  the  oil  with  camphor  and  resorcin  which  re- 
duced its  irritating  properties  and  rendered  it  more  fluid.  In  Dyer's  opinion 
the  drug  was  most  efficacious  when  combined  with  camphor  and  resorcin. 

Hollman  and  Dean  recently  isolated  the  fatty  acids  of  chaulmoogra  oil 
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separating  tliem  into  groups  by  fractional  crystallization.  Tlicy  convertctl  the 
individual  groups  or  fractions  into  each  respective  ethyl  ester  in  which  form 
they  used  the  drug  in  treating  leprosy.  Marked  improvement  was  reported  in 
cases  treated  over  a  period  of  four  months,  Avith  these  fractions. 

Sir  Leonard  Rogers  was  the  first  to  employ  the  soluble  sodium  and  potas- 
sium salts  of  chaulmoogra  oil.  His  investigations  conducted  in  1915-1(5-17 
using  the  salts  orally  and  intravenously  gave  exceedingly  promising  results,  a 
cure  being  effected  in  some  cases  and  distinct  improvement  in  all  patients 
treated. 

Walker  and  Sweeney  reported  their  findings  in  an  investigation  in  ilarch, 
1920.  They  determined  that  the  action  of  chaulmoogra  oil  is  bactericidal 
rather  than  physiologic,  the  active  principle  is  the  fatty  acids ;  the  action  is 
specific  for  acid-fast  bacteria  and  is  a  function  of  the  carbon  ring  structure  of 
the  molecule  of  chaulmoogric  acids  found  only  in  chaulmoogra  oil  and  oils  of 
trees  closely  related  to  the  gynocardia  odorata.  They  suggested  that  it  may 
be  of  benefit  in  the  treatment  of  tuberculosis  and  are  conducting  investigations 
to  determine  this  point. 

Numerous  investigators  have  apparently  come  to  the  same  conclusion  with 
reference  to  the  treatment  of  leprosy  with  chaulmoogra  oil  or  its  active  prin- 
ciples, i.  e.,  a  high  percentage  of  patients  are  improved  and  a  few  cures  are 
recorded.  The  similarity  in  morphology  and  staining  characteristics  of  lep- 
rosy bacilli  and  tubercle  bacilli  and  the  specific  action  of  chaulmoogra  and  its 
related  oils  on  the  acid-fast  group  of  bacteria,  furnish  a  scientific  basis  for 
using  them  in  the  treatment  of  tuberculosis.  With  the  following  objects  in 
view  our  work  was  started  early  in  January,  1920.  The  acid  fractions  of 
chaulmoogra  oil  obtained  by  the  method  of  Hollman  and  Dean  and  modi- 
fied by  T.  B.  Aldrich  were  used  in  the  first  attempt.  T.  B.  Aldrich  of  this 
institution  prepared  all  the  fractions  used  throughout  tlie  investigation. 

The  scope  of  our  efforts  is  as  follows : 

1.  To  determine  the  most  active,  soluble  and  least  irritating  fraction  ob- 
tained from  the  oil. 

2.  To  determine  the  most  effective  method  of  administration. 

3.  To  determine  what  pathological  effect,  if  any,  is  induced  l)y  large  doses 
of  the  fractions  of  the  oil. 

4.  To  (Icti'i-iiiine  tlic  liactei-icidal  pro]3erties  for  tul)ercle  bacilli   in   fitro. 

5.  To  detcnnine  wlictlier  its  use  will  inhibit  or  arrest  the  development 
of  artificially  induced  tubcrculdsis  in  guinea  pigs. 

Fifty  healthy  guinea  pigs,  male  and  female,  averaging  about  300  grams 
were  selected.  In  about  two  weeks  the  experiment  was  terminated  when  an 
epidemic  of  bronchisepticus  and  pneumonia  appeared  in  oui-  animal  house. 
So  many  pigs  were  lost  from  these  two  diseases  that  it  Avas  ncccssury  to  select 
another  group  of  fifty  and  repeat  the  experiment.  Tlic  imly  ilclinitc  anil  pos- 
itive information  gathered  from  our  first  group  of  fifty  |)igs,  was.  that  tlie 
ethyl  esters  were  exceedingly  irritating  when  administered  intra peritoneally 
and  slightly  toxic  in  1  c.c.  doses;  that  the  peritoneum  showed  chronic  inflam- 
mation, particularly  at  the  point  of  injection.  Tlie  splei-n  and  liver  were  hyper- 
trophied  and  showed  beginning  fatty  degcnci'atinn  :  that  tlie  fatty  acids  were 
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very  iusoluble;  that  a  virulent  suspension  of  the  tubercle  bacilli  incubated  48 
hours  at  37°  C.  with  each  of  the  acid  fractions  in  a  dilution  of  1:10,000  failed 
to  kill  any  of  the  twelve  pigs  infected  or  to  grow  when  transplanted. 

The  second  group  of  fifty  pigs  were  selected  February.  1920,  and  the  work 
started  as  before.  We  used  the  acid  sodium  salts  of  chaulmoogra  oil  to  replace 
the  ethyl  esters.  Nine  days  from  the  date  the  investigation  was  started  a  sec- 
ond epidemic  was  encountered  and  so  many  pigs  were  lost  that  it  was  necessary 
to  discard  the  remaining  and  select  another  group  of  fifty.  The  information 
gathered  from  this  attempt,  was  that  the  acid  sodium  salts  of  the  four  fractions, 
A,  B,  C,  and  D,  of  chaulmoogra  acid  are  fairly  soluble  and  far  less  irritating 
when  administered  intraperitoneally.    They  were  not  toxic  in  1  c.c.  doses. 

A  third  group  of  forty-eight  pigs  was  begun  on  July  27  under  most  favor- 
able conditions.  We  used  a  large  concrete  building  20x40x16  ft.,  with  14 
ordinary  sized  Mindows  and  one  door.  This  room  was  equipped  with  one  dozen 
4x2  pens  which  were  well  ventilated.  This  place  was  made  to  assume,  as  near 
as  possible,  the  proportions,  conditions,  and  surroundings  of  the  loft  where  the 
pigs  were  raised.  They  were  given  an  abundance  of  the  same  foods  that  they 
had  always  received.  The  pens  were  kept  clean  and  the  water  receptacle 
full  of  fresh  water  at  all  times.  The  pigs  were  kept  free  from  all  body  vermin. 
The  soluble  acid  sodium  salts  of  the  four  acid  fractions  respectively  were  pre- 
pared. We  used  a  1  per  cent  solution  of  each  of  the  salts  of  the  fractions  pre- 
pared according  to  the  methods  of  Hollman  and  Dean,  Walker  and  Sweeney 
and  modified  by  Aldrich. 

On  July  27  the  twenty-four  pigs  were  inoculated  with  0.5  c.c.  of  a  heavy 
suspension  of  virulent  tubercle  bacilli  isolated  by  the  writer  from  a  patient 
suffering  with  pulmonary  tuberculosis.  Twelve  of  these  pigs  were  selected 
and  designated  as  Group  I  or  known  as  our  tuberculous  controls.  These  pigs 
were  placed  in  two  pens,  six  in  each  and  not  molested  further.  The  remaining 
twelve  of  the  twenty-four  inoculated  with  tuljercle  bacilli  were  designated  as 
Group  II.  This  group  was  subdivided  into  four  groups  of  three  pigs  each  and 
the  first  subdivLsiou  containing  three  pigs  was  designated  as  fraction  "A" 
group.  Each  of  these  animals  received  six  0.2  c.c.  doses  of  the  "A"  fraction 
of  the  acid  sodium  salt  of  chaulmoogra  oil  intraperitoneally,  at  three  day  in- 
tervals, and  nine  0.3  c.c.  doses,  administered  the  same  way  at  the  same  inter- 
vals. The  second  subdivision,  containing  three  pigs  was  designated  as  fraction 
•"B"  group.  Each  of  these  animals  received  six  0.2  c.c.  doses  of  the  "B"  at 
three  day  intervals,  and  nine  0.3  c.c.  doses  administered  the  same  way  at  the 
same  intervals.  The  third  subdivision  containing  three  pigs  was  designated 
as  fraction  "C"  group.  Each  of  these  animals  received  six  0.2  c.c.  doses  of  the 
■"C"  at  three  day  intervals,  and  nine  0.3  c.c.  doses  administered  the  same 
waj-  at  the  same  intervals.  The  fourth  subdivision  containing  three  pigs  was 
designated  as  fraction  "D"  group.  Each  of  these  animals  received  six  0.2  c.c. 
doses  of  the  "D"  fraction  of  the  acid  sodium  salt  of  chaulmoogra  oil.  intra- 
peritoneally, at  three  day  intervals,  and  nine  0.3  c.c.  doses  administered  the 
same  way  at  the  same  intervals. 

A  third  group  of  eight  pigs  was  selected  and  designated  as  Group  III  or 
our  normal  controls.     They  were  placed  in  two  pens,   four  in  each  and  not 
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molested  further  except  they  were  weighed  every  third  day.  The  olj.jcct  in 
retaining  this  group  of  animals  was  to  have  a  control  for  the  living  conditions. 

A  fourth  group  of  twelve  pigs  was  selected  and  designated  Group  IV, 
being  placed  in  four  pens,  three  in  each  pen.  Each  of  the  three  pigs  in  pen  (A) 
received  six  0.2  c.c.  doses  of  the  "A"  fraction  of  acid  sodium  salts  of  chaul- 
moogra  oil  iutraperitoneally  at  three  daj'  intervals  and  nine  0.3  c.c.  doses 
administered  the  same  way  at  the  same  intervals.  This  group  of  pigs  Avas  des- 
ignated fraction  "A"  group  not  infected  with  tubercle  bacilli.  These  ani- 
mals Avere  used  as  a  check  against  our  subdivision  of  Group  II,  fraction  "A" 
group  infected  with  tubercle  bacilli.  Each  of  the  three  pigs  in  pen  "B"  re- 
ceived six  0.2  c.c.  doses  of  "B"  fraction  of  the  acid  sodium  salts  of  chaul- 
moogra  oil  intraperitoneally  at  three  day  intervals  and  nine  0.3  c.c.  doses 
administered  the  same  waj^  at  the  same  intervals.  This  group  of  pigs  was 
designated  Fraction  "B"  group  not  infected  with  tubercle  bacilli.  These 
animals  Avere  used  as  a  cheek  against  our  subdivision  of  Group  II,  fraction 
"B"  group  infected  Avith  tubercle  bacilli.  Each  of  the  three  pigs  in  pen 
"C"  received  six  doses  0.2  c.c.  of  "C"  fraction  of  the  acid  sodium  salt  of 
chaulmoogra  oil  intraperitoneally  at  three  day  intervals.  This  group  of  pigs 
Avas  designated  fraction  "C"  group  not  infected  with  tubercle  bacilli. 
These  animals  Avare  \ised  as  a  cheek  against  our  .subdiA'isiou  of  Group  II  frac- 
tion "C"  group  infected  wjth  tubercle  bacilli.  Each  of  the  three  pigs  in  pen 
"D"  received  six  0.2  c.c.  doses  of  fraction  "D"  of  the  acid  sodium  salt  of 
chaulmoogra  oil  intraperitoneall.y  at  three  day  intervals  and  nine  0.3  c.c.  doses- 
administered  the  same  Avay  at  the  same  intervals.  This  group  of  pigs  Avas  desig- 
nated fraction  "D"  group  not  infected  Avith  tubercle  bacilli.  These  animals 
were  used  as  a  check  against  our  subdivision  of  Group  II,  fraction  "D"  group- 
infected  Avith  tubercle  bacilli. 

A  fifth  group  of  four  pigs  Avas  selected  and  i^ilaced  in  a  pen.  These  pigs 
Avere  the  toxicity  and  quantity  test  animals.  One  pig  Avas  selected,  tagged  and 
marked  "A,"  another  was  tagged  and  marked  "B,"  another  "C"  and  the  last 
"D."  Pig  "A"  received  0.5  c.c.  of  fraction  "A"  of  the  acid  sodium  salt  of 
chaulmoogra  oil  intraperitoneally  at  three  day  intervals  until  a  total  of  4  c.c. 
AA^as  admini.stered.  Tiys  "  li,"  "("'  and  "D"  Avere  treated  the  same  way,  using 
fraction  "B,"  "("'  and  "])"  of  llip  acid  sodium  salt  of  chaulmoogra  oil  re- 
spectively for  pigs  "B,"  "("■"  and  "D."  These  animals  were  auti)]isii'd  24 
hours  after  they  had  received  the  injection. 

This  accounts  for  the  disposition  of  the  oi-iginal  48  pigs  Avliich  Avcre  used 
in  the  investigation. 

To  make  it  possible  to  draw  a  ciuiiparisoii,  from  a  pathologic  standpoint, 
between  our  (!roup  1  (tulxTculous  controls)  and  oni-  Grou])  II  (treated  ])igs 
infected  with  tuberculosis)  it  Avas  necessary  to  have  a  constant  factor.  We 
chose  time  as  this  factor.  It  Avas,  therefore,  necessary  for  us  to  kill  a  i)ig 
from  (lidiip  11  (treated  pigs  infected  Avitli  tuberculosis)  wlicn  a  jtig  from 
Grouj)  I  ( 1iil)erculous  controls)  died.  This  system  kept  llie  number  of  daxs 
lived  by  each  group  uniform  and  allowed  us  to  study  llic  yi'oss  jiatliology 
at  autopsy,  if  any,  and  su]ii)licd  us  \vith  nialrrial  for  iiiicroscopic  study. 
Our  next  slcp  was  to  devise  a  scaling  sysicm  wliirli   wduld  also  be  constant 
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for  both  Groups  I  ami  II.  The  folldwiug  was  used  for  making  counts.  Be- 
fore giving  the  sealing  outline  the  writer  wishes  to  state  that  he  autopsied  and 
sealed  the  animals  first,  keeping  this  as  a  permanent  record,  then  he  removed 
all  marks  of  identification  from  the  animal  aud  his  assistant  was  allowed  to 
do  the  scaling.  All  throughout  the  investigation  there  was  never  more  than 
a  difference  of  one  between  our  counts  and  ^often  times  our  totals  were 
the  same.  We  may,  therefore,  assume  that  this  factor  was  constant  enough 
to  give  us  grounds  for  basing  an  opinion  on  one  phase  of  the  investigation. 

Pathologic  Systlm  of  Scaling 


Glanilular   Involvement 


Peritoneal  wall 

Diapliragn 

Mesentery 


1.  Glands  enlarged  but  no  nodules  visible. 

2.  Glands  enlarged  and  few  nodules  present. 

3.  Glands  enlarged  and  all  axillary  glands  showing  nodules  or  tu- 
berculous growth. 

1.  Granular  appearance  with  a  few  scattered  tubercles. 

2.  Tubercles  more  thickly  distributed,  but  still  discrete, 
^^lapiiagm          .j  g    Tubercles  coalescing,  forming  solid  greyish  furry  coat  on  peritoneum,  or 

heavy  cheesy  crust. 

II.  Granular  or  slightly  enlarged,  no  tubercles  visible. 
2.  Enlarged,  congested,  small  tubercles  scattered  throughout  tissue. 
3.  Enormously  enlarged,  large  coalescing  areas,  caseous  or  softening  with  presence 
of  pus,  or  cheesy  areas. 

f  1.  Somewhat  enlarged. 
Pancreas    2.  Enlarged,  showing  tuberculous  nodules  and  beginning  to  harden. 

[  •"!.  Very  large  and  hard,  nodules  very  prominent,  adhesions  to  adjacent  tissues. 

fl.  Xot  enlarged  but  appearing  either  slightly  granular  iu  consistency  or  mottled  in 
1  color. 

2.  Slightly  enlarged  with  minute  discrete  tubercles  apparent. 

3.  Enlarged,  tubercles  coalescing,  or  caseous  areas  or  soft  granular  areas  or  both. 

1.  Slightly  granular  or  faint  pearly  areas.     Appearance  decidedly  not  normal. 

2.  Tubercles  definitely  present  but  small  and  widely  scattered  or  confined  to  one  lobe 
or  portion  of  a  lobe. 

I  .S.  All  tissue  heavily  .studded  with  coalescing  nodules,  congested  areas  and  pus  present. 

I  1.  Slight  excess  in  either  or  both  body  cavities. 
Fluids     2.  Large  excess  in  either  cavity. 

[  3.  Excessive  fluids  or  pus  in  both  cavities. 

il.  Capsule  or  outer  membrane  of  one  or  both  kidneys  showing  tubercles. 
2.  Capsule  showing  many  tubercles,  surface  beneath  mottled  or  corrugated. 
3.  Capsule  showing  many  tubercles,  also  upon  sectioning  tubercles  exhibited. 

SUMMARY 

One  per  cent  solutions  of  the  soluble  acid  sodium  salt  of  the  four  acid 
fractious  of  chaulmoogra  oil  were  apparentlj^  the  most  active,  soluble  and 
least  irritating  when  administered  hypodermatically.  There  was  a  con- 
spicuous absence  of  the  drug  in  the  jjeritoneal  cavity  of  an  animal  w^hen  it  came 
to  autopsy  although  less  th^xn  24  hours  had  elapsed  after  an  heroic  dose. 

Charts  "D"  and  "E"  show  a  marked  gain  in  weight  for  the  animals 
which   received    the    chaulmoogra    salts,    probably    indicating    their    complete 
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Lived  is  23  grams 
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assimilutidii.      Jiiisiiiji-   (nir   (ipiiiimi    on    tJK 
fraction  "A"  anil  "1!"  most   pdlcni. 

No  ])a11iiil(it:'i('  lindintis  wliicli  nmlil  lie  at  Irilnili'd  to  the  drn.ii'  ^voro 
found  at  iietTop.sy  ol:  pigs  receiving  llie  eluuilinoogra  salts,  as  exhibited  by 
Group  V  pigs.  These  pigs  gained  Aveight  during  the  administration  of  the 
drug.  A  1  per  cent  solution  of  the  acid  sodium  salts  of  all  the  acid  fractions 
of  chaulmoogra  oil  we  used  were  found  to  he  nontoxic  as  shown  ity  the  fact 
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CiiART  FOR  Comparing  Group  I  with  Group  II 
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'Pigs  living  on   tliis   date. 

that  no  pigs  were  lost  from  groups  IV  or  V;  on  the  other  hand  all  showed 
a  marked  increase  in  weight  after  the  administration  of  heavy  doses.  Group 
IV  curve  suggests  the  presence  of  a  vitamine  or  some  element  which  has 
a  marked  influence  on  the  weight  of  the  pigs. 

The  peritoneal  administration  in  the  ease  of  guinea  pigs  was  found  to 
]iroduce  no  undesirable  effects.  In  this  case  peritoneal  administration  was 
found  to  be  a  method  by  which  the  salts  may  be  rapidly  absorbed  by  the 
liody. 

We  found  the  acid  sodium  salt  of  Chaulmoogra  oil  has  a  specific  bac- 
tericidal action  on  tubercle  bacilli.  Sweeney  and  Walker  showed  it  was 
specific  for  the  acid-fast  group  in  a  1:100,000  dilution.  We  were  only  able 
to  prove  its  bactericidal  properties  for  tubercle  bacilli  in  a  dilution  of  1:10,000. 

Of  the  12  pigs  inoculated  with  tuberculosis  and  not  treated,  all  died: 
except  one,  of  the  12  pigs  treated  only  one  died. 

A  marked  difference  in  the  pathologic  findings  between  jjigs  which  were 
and  were  not  treated  was  observed,  the  advantage  being  in  favor  of  the 
treated  pigs. 

Treated  pigs  .showed  an  average  gain  of  49  grams  over  the  ones  not 
treated ;  the  time  factor  being  kept  constant. 
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One  pig  from  Group  II  ivhieh  was  treated  with  fraction  "A"  gave  birth 
to  two  young  ones  after  the  18th  treatment. 

More  evidence  in  favor  of  Group  II  as  compared  to  I  will  he  found 
upon  close  observation  and  comparison  of  Charts  A,  B.  and  C.  It  will  be 
noted  in  Charts  A,  B  and  C  that* at  the  close  of  the  investigation  there  is  a 
distinct  advantage  Group  II  shows  over  Group  I. 

We  have  more  work  under  way  to  verify  these  findings  inasmuch  as 
this  is  a  preliminary  report. 
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CONSIDERATIOX    OF  CHART    A 

Chart  A  is  based  on  the  fact  that  when  a  pig  in  Group  I  died  an  animal  from  Group  II 
vas  killed  and  the  average  weight  of  the  remaining  animals  in  each  group  recorded  by  the 
rtsiiective  curxes. 

We  find  the  foMowing  factors  most  prominent  when  Gniup  I  pigs  (tubercuUius  controls) 
are  considered. 

1.  That  the  average  group  gain  for  tlie  fust  seven  days  was  normal  wlieii  cumjiared 
with  our  normal  controls. 

2.  From  the  seventh  (tlic  point  of  iuocuhitiiin  )  1o  the  seventeenth  day  tlie  average  loss 
in  weight  Avas  43  grams  per  pig. 

3.  From  the  seventeenth  to  tlie  thirty-eighth  day  the  average  gain  per  pig  in  the  group 
was  11.5  grams.     This  is  explained  by  the  fact  that  the  light  weight  pigs  were  first  to  die. 

4.  From  tlie  thirty-eighth  to  the  seventieth  day  the  average  loss  per  pig  in  the  group 
was  115  grams. 
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5.  From  point  of  inoculation  to  end  of  investigation  a  loss  of  43  grams  per  pig  was 
sustained. 

We  find  tlie  following  factors  most  prominent  when  Group  II  pigs  (infected  with  tuber- 
culosis and  treated)    are  considered. 

1.  The  average  gain  for  this  group  for  the  first  seven  days  was  normal  when  compared 
with  our  normal  controls. 

2.  From  the  seventh  (point  of  inoculation  and  treatment)  to  the  seventeenth  day  the 
average  loss  in  weight  was  two  grams,  which  is  not  abnormal. 

3.  From  the  seventeenth  to  the  thirty-eighth  day  there  was  an  average  gain  of  13-i 
grams  per  pig.  This  is  partially  explained  by  the  fact  that  we  tried  to  select  pigs  to  kill 
wliose  weights  approximated  those  of  the  dead  pigs  of  Group  I. 

i.  From  th(!  thirty-eighth  to  fifty-second  day  there  was  an  average  group  gain  of  11 
grams. 

5.  From  the  fifty-second  to  the  seventieth  day  there  was  an  average  loss  of  51  grams 
per  pig. 

6.  From  the  seventh  to  seventieth  day  an  average  gain  of  92  grams  per  pig. 
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In  drawing  Chart  B  the  weight  of  each  pig  at  necropsy  which  died  or  was  killed  was 
retained  as  a  constant  factor  throughout  the  remainder  of  the  investigation.  The  points  on 
tlie  chart  were  the  average  weights  for  the  entire  twelve  pigs  of  each  respective  group. 

The  following  points  on  this  chart  appear  most  interesting  when  Group  I  pigs  (tuber- 
culous controls)  are  considered. 

1.  The  entire  group  individually  and  as  a  unit  lost  weight  uniformly  and  gradually. 

2.  The  gain  in  group  weight  during  the  first  week  coincided  witli  the  gain  in  weight  of 
the  other  normal  groups. 
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3.  This  group  started  with  each   ]iif;-  averaging  2.j  grams  more  tliaii   Group  I'l,  at  point 
cf  inoculation. 

4.  Each  animal  in  tlie  group  lost  an  average  of  4.'!  grams  the  first  ten  days  after  in- 
oculation.    This  is  proliably  due  to  the  virulence  of  the  organism  used. 

5.  All  animals  in  the  group  died  except  one. 

6.  A   total  loss  of   an  average   of   '>(>  grams   per   pig  \vas  sustained   from   the   date   of 
inoculation  to  the  end  of  the  investigation. 

7.  The  pathology  count  >  scaled  for  this  group  averages  20  per  pig. 

Consideration  of  Gro-up  II  pigs  infected  tvitli  tuberculosis  and  treated. 
1.  The  entire  group  individually  and  as  a  unit  lost  weight  uniformly  and  gradually  liut 
tlie  amount  lost  could  not  be  considered  abnormal. 
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2.  The  gain  in  group  weight  during  the  first  week  coincides  with  the  gain  in  the  weight 
cf  the  normal  group. 

3.  This  group  starleil  with  eacli  ]iig  averaging  2.j  grams  less  than  Grcnip  I.     This  group 
overcomes  this  handicap  throughout  the  investigation. 

4.  Each   animal   iti   this  grouj)  lost   an  average  of   7   grams    (whicli   is   not   considered  an 
abnormal   fluctuation;    tlie   first    ten   days   after   inoculation. 

.1.   All   animals   in   tln'   gronji   wer,'  killed  except   one. 

t'j.  The  highest  point  reached  by  this  group  was  an  average  of  406  grams. 
7.  A  total  loss  of  an  average  of  11  grams  per  pig  was  noted  from  the  point  of  iuocu- 
iation  to  the  end  of  the  investigation. 

.S.  The  ]iatliiilogy  count  scaled  for  this  group  averages  13.33  per  pig. 
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COXSIDERATIOX    OF   CHART   C 

In  drawing  Chart  C  the  weight  at  necropsy  of  the  pigs  which  died  or  were  killed  was 
retained  as  a  constant  factor  throughout  the  remainder  of  the  investigation.  The  points 
on  the  chart  represent  the  average  loss  or  gain  for  the  entire  twelve  pigs  based  on  the  orig- 
inal weight  of  each  respective  group.  Example,  if  Group  I's  original  weight  is  413  grams 
per  pig  and  at  the  period  of  the  third  weighing  is  406  grams  this  group  sustains  an  ave^ag(^ 
loss  of  7  grams  per  pig  over  a  period  of  ten  days. 


Consideration  of  Group  I  pigs   (lubereulotis  controls) 

1.  From  point  of  inoculation,  which  is  charted  zero,  to  the  tenth  day  there  was  a  loss 
uf  4.3  grams  per  pig. 

2.  From  the  tenth  to  the  thirty-fifth  day  there  was  a  gain  of  twenty-two  grams  per  pig. 

3.  From  the  thirty-fifth  to  the  sixty-third  day  there  was  a  loss  of  thirty-seven  grams 
per  pig. 

4.  From  zero  to  the  sixty-third  day  there  was  a  loss  of  an  average  of  58  grams  per  pig 
for  the  gi'oup. 

5.  The  entire  group  lost  weight  sporadically. 
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ConsiflcraUon  (if  Group  II  Pii/s  (infcctid  irHh  tubcrciilo.sis  and  treated) 

1.  From  iioiiit  of  inoculation,  wliieli  is  fliiirti'd  xcro,  to  tlie  tenth  day,  there  was  a  loss 
of  eight  grams. 

2.  From  the  tenth  to  the  thirty-iifth  day  tlierc  was  a  loss  of  eight  grams. 

3.  From  the  thirty-fifth  to  the  sixty-third  day  there  was  a  loss  of  seven  grams. 

4.  From  zero  to  the  sixty-third  day  there  "was  a  loss  of  nine  grams. 

5.  The  entire  group  lost  weight  uniformly  and   gradually. 

Consideration  of  Chaut  D 

In  dia\vlug  C'liart  I)  the  average  weights  at  successive  weighing  periods  of  the  entire 
nundier  of  pigs  of  each  respective  group  were  recorded  as  points  on  the  chart,  eight  pigs 
lieing  used  for   Group   III  and  twelve  for  Group   IV. 

Consideration  of  Group  III  Piffs  (Normal  controls) 

1.  None  of  these  pigs  died  during  the  course  of  the  investigation. 

2.  Individually  and  as  a  group  the  pigs  showed  a  steady  and  gradual  increase  in  weight 
from  the  date  of  inoculation  of  Groups  I  and  II  to  the  end  of  the  investigation. 

3.  The  entire  average  gain  in  weight  for  the  group  is  176  grams. 

4.  This  group  weighed  at  start  twenty-one  grams  less  than  Group  IV,  and  at  the  end 
of  the  investigation  75  grams  less  than  Group   IV. 

5.  The  average  gain  for  a  three  day  period  was  9.7  grams. 

Consideration  of  Group  IV  Figs  {Injected  with  chaulmoogra  oil  at  same  periods  and  in  same 
amounts  as  pigs  of  Group  II) 

1.  None  of  these  pigs  died  during  the  course  of  the  investigation. 

2.  All  showed  a  steady  and  marked  increase  in  weight  from  the  date  of  first  treatment 
to  the  end  of  the  investigation. 

3.  The  entire  average  gain  in  weight  for  the  group  is  230  grams. 

4.  The  group  weighed  at  start  21  grams  more  than  Group  III  and  at  the  end  of  the  in- 
vestigation 75  grams  more,  a  gain  per  pig  of  54  grams  over  the  normal  pigs. 

5.  The  average  gain  for  a  three-day  period  was  12.7  grams. 

The  authors  Avish  to  tliaiik  Dr.  E.  ]\[.  Houghton,  at  whose  suggestion  this 
work  on  eliaulmoogra  oil  Avas  undertaken  and  for  his  kind  criticisms  and  sug- 
gestion in  carrying  it  out.  Also,  we  wish  to  acknowledge  the  assistance  given 
bv  Mr.  riark. 
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THE  PHARMACOLOGIC  ACTION  OF  LEAD  IN  ORGANIC 
COMBINATION* 


By  E.  C.  Masox,  M.D..  Cixcixxati,  Ohio 


IXTRODUCTIOX 


THE  frequent  occurrence  of  lead  poisoning,  accompanying  the  extensive 
use  of  lead  compounds  iu  the  various  arts  and  trades,  has  made  the  sub- 
ject of  "Lead  Poisoning"  one  of  wide-spread  interest.  This  is  evidenced  by 
the  fact  that  one  of  the  oldest  works  on  Trade  Hygiene  (by  Stoekhauseu)  is 
entitled,  "De  Utliargyrii  fumo  noxio,  morMfico  ejusque  metaUico  frcqucniiori 
morho  vulgo  dido  hilttenkatze,"  Gaslar,  1556. 

The  deaths  occurring  from  lead  poisoning  in  England  and  Wales  during 
the  ten  years  1883  to  1892  were  no  less  than  1043.^  Of  this  number  three  were 
suicidal;  the  remaining  1040  were  mainly  from  the  manufacture  of  white  lead 
and  fi'om  the  use  of  lead  in  the  arts,  or  from  accidental  contamination  of 
foods.  For  the  ten  years-  ending  1909,  8,973  cases  of  lead  poisoning  with 
667  deaths  were  reported  to  the  Home  Office  (England)  as  occurring  in  18 
industries,  but  Legge  points  out  that  there  has  been  iu  this  period  a  reduction 
of  more  than  50  per  cent  of  cases.  It  is  difficult  to  obtain  similar  data  in 
the  United  States,  but  Alice  Hamilton^  reports  358  eases  with  16  deaths  in 
23  white  lead  factories  diiring"  the  16  months  prior  to  May  1,  1911.  In  New 
York  State  in  1909  and  1910,*  60  deaths  were  certified  from  lead  poisoning. 
These  figures  represent  but  a  small  percentage  of  the  individuals  who  actually 
suffered  from  lead  poisoning,  as  the  percentage  of  deaths  is  relatively  low. 
In  spite  of  the  enormous  number  of  observations  made  and  recorded  Ijy 
various  investigators,  the  mode  of  action  of  lead  on  the  body  has  not  been 
definitely  determined.  The  reason  for  this  is  quite  evident ;  being  due  to  the 
fact  that  the  compounds  of  lead  usually  available  for  experimental  purposes, 
have  been,  for  the  most  part,  such  as  could  not  be  administered  intravenously. 
Therefore,  our  knowledge  of  this  subject  has  been  limited  mainly  to  clinical 
observations. 

CLIXICAL  SYMPTOMS  OF   LEAD  POISOXIXG 

Clinically  lead  poisoning  is  recognized  as  being  of  two  types;  viz.,  acute 
and  chronic.  The  characteristic  symptoms  of  acute  poisoning  develop  after  the 
ingestion  of  a  considerable  dose  of  some  such  salt  as  "sugar  of  lead,"  and 
usually  appear  within  a  few  minutes;  there  is  noted  immediately  a  SAveet,^ 
then  a  disagreeable  metallic  and  astringent  taste,  with  burning,  and  a  sensa- 
tion of  great  dryness  in  the  mouth  and  throat.  Vomiting  usually  occurs 
■within  fifteen  minutes,  but  in  rare  cases  it  mav  be  delayed  from  one  to  two 
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hours.  The  n'tehiiiy:  and  vomitiiiii-  are  \i'ry  nhstinato,  and  continue  for  a 
long  time;  the  vomitus  is  often  inilk>-  witli  leail  chloride  and  sometimes 
streaked  with  blood;  there  is  pain  in  the  abilonien  of  a  colicky  character,  also 
thirst.  The  liowels  are  as  a  rule  constipated,  but  occasionally  there  is  di- 
arrhea with  black  stools  (lead  sulphide).  The  iirine  is  generally  diminished. 
The  breath  has  a  foul  odor,  and  the  tongue  is  coated;  the  skin  is  dry,  and 
the  pulse  small  and  frequent.  In  addition  there  may  be  present  various 
nervous  manifestations ;  such  as,  headache,"  shooting  pains  in  the  limbs,  cramping 
in  the  legs  and  local  numbness.  Fatal  cases  pass  into  coma  and  die  with  or 
without  convulsions. 

Tlie  characteristic  symptoms  of  chronic,  lead  poisoning  are  those  of  general 
ill  health.  The  symptoms  may  at  first  be  indefinite,  coming  on  irregularly 
and  often  months  after  the  individual  has  discontinued  working  with  lead. 
There  are  general  digestive  disturbances,  loss  of  appetite,  nausea,  vomiting, 
diarrhea  or  constipation.  There  are  generally  present  certain  blood  changes, 
the  number  of  red  cells  and  the  hemoglobin  index  being  low.  The  red  cells, 
when  stained  with  methylene  blue  show  basophilic  granules.  This  "stip- 
pling"^ is  one  of  the  important  and  almost  constant  diagnostic  signs.  Schnit- 
ter'  attributes  these  blood  changes  to  injury  of  the  bone-marrow."  The  skin 
assumes  a  peculiar  yellowish  hue,  and  in  some  cases  the  patient  is  distinctly 
jaundiced.  This  is  due  to  the  wide-spread  destruction  of  the  red  corpuscles. 
The  gums  .show  a  black  line  which  has  been  demonstrated  to  be  lead  sulphide. 
The  symptoms  which  often  develop  later  are  highly  characteristic  and  assume 
various  forms;  in  the  order  of  their  frequency  there  may  appear  colic,  arthral- 
gia, paralysis,  nephritis,  cerebral  symptoms  and  anesthesias.  Of  Tanqueril's 
cases  "  there  were  1,217  of  colic,  101  of  paralysis  and  72  of  encephalopathy. 

One  of  the  best  pieces  of  work  ever  done  on  experimental  lead  poisoning 
was  that  of  Harnack'^  published  in  1878.  Harnack  used  lead  in  organic  com- 
bination in  the  form  of  the  triethyl  lead  acetate,  and  liis  observations  were 
made  on  frogs,  rabbits,  cats  and  dogs.  The  work  consisted  mainly  in  ad- 
ministering the  lead  eduipouiid  to  these  animals,  eillier  subcutaneously  or  in- 
travenously, and  (iliserving  the  symptoms  Avliieh  developed.  These  observa- 
tions represent  a  very  valuable  eontributidn  1(i  our  knowledge  of  lead  poison- 
ing, and,  considerinii-  the  dale  at  whieli  llie  experiments  were  performed,  it 
is  indeed  a  splendid  |)ieee  oT  work.  There  apjiear  to  be,  however,  many  parts 
of  Harnack's  work  of  wliieli  lui-tlicr  study  ^voul(l  be  exeeedinji-ly  desirable. 
Therefore,  I  have  conlinurd  ilo'  iuM'sii^ation  of  Ihis  subject,  usinii-  the  fol- 
lowing preparations:  Trlillifil  had.  IriiUnil  had  chJiiridr.  tridlnjl  h<ul  ardnii . 
trimdhill  hud.  I  riim  III  i/l  l"i<i  cliloriih    and   Ifiithitl  iiidiiiioini   iiilrah. 

ruEPAHATKix  OF  co.MrorNDS 
These  jjreparal  ions  were  first  made  by  Lowig'-  (1853)  who  prepared  the 
triethyl  lead,  and  in  addition  the  oxide,  carbonate,  sulphate,  nitrate,  chloride 
and  bromide  of  the  eoniiiound.  The  work  of  Tjiiwig  was  repeated  by  Klippel'^ 
(1860)  who,  in  addition,  made  the  following-  eompo'inds:  the  phosphate,  for- 
mate, acetate,  biityi-ate,  lienzoatr,  tartrate,  oxalate.  sul]ilnde,  cyanide,  sulpho- 
cyanate  and  also  donlih'  salts  with  mei'cury  i-hloride  and  with  j)latinnni  chloride. 
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He  also  repeated  some  of  the  work,  usiug  amyl  iodide  instead  of  etliyl  iodide. 
As  previously  stated,  Haruaek  (1878)  made  the  acetate  and  studied  its  aetiou 
on  frogs,  rabbits,  cats  and  dogs. 

I  have  prepared  these  trietliyl  lead  compounds  according  to  the  method 
used  by  Lo\\ig  and  Klippel  with  various  modifications. 

As  a  starting  point  for  the  preparations,  it  is  necessary  to  ol)tain  a  sodium- 
lead  alloy.  This  alloy  is  made  by  melting  50  grams  of  lead,  and  introducing  into 
the  molten  mass  16  grams  of  sodium,  which  has  been  previously  cut  into  rather 
small  pieces,  about  1  cubic  centimeter  in  size.  The  reason  for  selecting  50 
grams  of  lead  is  that  it  gives  a  yield  of  a  desirable  amount,  while  the  reason 
for  combining  lead  and  sodium  in  a  ratio  of  50  to  16  is  based  on  their  atomic 
weights  (lead  206.9,  sodium  23.05),  the  product  desired  being  an  atomic  re- 
lation of  Pb(Na)3. 

After  the  sodium  and  molten  lead  are  united,  a  short  time  should  be  al- 
lowed to  elapse  until  the  mass  starts  to  form  a  crust  over  the  surface.  At 
this  point  it  should  be  covered  with  hot,  dry  sand  and  allowed  to  cool. 
When  cool  the  mass  is  best  ground  in  an  iron  mortar,  and  when  reasonably 
well  powdered,  it  is  put  in  an  Erlenmeyer  flask  of  about  200  e.c.  capacity. 
The  flask  is  connected  with  an  upright,  water-cooled  condenser.  Through 
the  upper  end  of  the  condenser  is  introduced  50  c.e.  of  ethyl  iodide  or  ethyl 
bromide.  A  reaction  should  take  place,  lasting  for  two  or  three  hours.  If 
reaction  fails  to  take  place,  1  or  2  c.e.  of  ethyl  alcohol  may  be  added.  The 
reaction  is  as  follows : 
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When  the  reaction  is  complete,  the  excess  ethyl  iodide  or  ethj-1  bromide  is  dis- 
tilled off,  and  the  contents  of  the  flask  is  extracted  with  ether.  This  is  best 
done  by  nearly  filling  the  flask  Arith  ether  and  stirring  the  contents  with  a 
stirring  rod.  The  mixture  is  then  allowed  to  settle  and  the  ether  extract 
is  poured  into  a  graduated  cylinder,  which  should  be  large  enough  to  contain 
three  such  extractions.  This  extraction  process  is  repeated  twice.  The  ex- 
tract, after  the  suspended  matter  has  settled,  should  be  clear  and  have  a 
greenish-yellow  color.  It  is  then  poured  from  the  graduate  into  a  distilling 
flask  of  one  liter  capacity,  and  about  200  c.e.  of  water  is  added  to  the  con- 
tents. The  ether  is  then  distilled  off  on  a  water  bath,  and  the  compound,  being 
insoluble  in  water,  collects  as  an  oily  mass  beneath  the  water  in  the  flask. 

This  oil  has  a  specific  gravity  of  1.471  at  10°  C,  and  corresponds  to  the 
formula  of  (C,H5)3Pb-Pb(  0,115)3.  The  compound  is  but  slightly  soluble  in 
Avater,  not  very  soluble  in  alcohol,  but  quite  soluble  in  ether. 

The  salts  of  the  compound  may  be  made  by  one  of  two  methods ;  first,  by 
preparing  the  hydroxide  and  neutralizing  with  the  acid,  or,  second,  the  method 
introduced  by  Klippel,  which  consists  in  making  the  desired  salt  from  the 
carbonate.  The  first  method  is  the  one  I  have  used.  The  oil  is  treated  in  a 
beaker  (with  enough  alcohol  to  cover  it  well)   with  an  alcohol  solution  of 
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silver  oxide  made  acid  by  nitric  acid.  (The  concentrated  nitric  acid  should 
be  diluted  with  one-half  its  A^olume  of  water,  and  this  nitric  acid  solution  is 
added  imtil  onlj-  a  small  amount  of  silver  oxide  is  present  as  such  in  the  alcohol 
solution.)  This  alcoholic  solution  of  silver  oxide  and  niti'ic  acid  is  added  to 
the  alcoholic  solution  of  the  oil,  slowly  and  with  constant  stirring  until 
metallic  silver  no  longer  precipitates  out.  The  alcoholic  solution  is  then 
filtered  and  contains  the  nitrate  of  the  compound  in  solution. 

"     (C  H'i'  Pb/^'''"^^'°-  =  -'^*^'--^-'^»    PbNO^  +  H.O 

The  solution  is  then  neutralized  with  an  alcoholic  sohition  of  sodium  hy- 
droxide. A  precipitate  often  occurs  at  this  point,  which  is  probably  a  basic 
compound  of  the  lead  or  silver  and  should  be  removed  by  filtration.  The  hy- 
droxide of  the  compound  remains  in  the  alcoliolic  solution. 

(C\HJ3  PbXO,+   NaOH    —  (CJL),  Pb(OH)  +  NaNO, 
alcoholic 

To  obtain  the  hydroxide  in  a  more  purified  form,  one  may  treat  this 
alcoholic  solution  with  ether  and  much  water.  The  water  and  alcohol  are 
completely  miscible  which  forces  the  compound  into  the  ether  layer.  The 
ether  layer  is  separated  from  the  water  by  means  of  a  separatory  funnel,  and 
the  ether  layer,  after  di.stillation,  yields  a  thick  mass,  which,  on  standing,  be- 
comes somewhat  crj'stalline. 

If  the  alcoholic  solution  of  the  hydroxide  is  treated  with  dilute  hydro- 
chloric acid,  the  chloride  of  the  compound  will,  in  the  course  of  time,  crys- 
tallize in  long,  beautiful  crystals,  having  a  silky  luster. 

(C,  H, )_  I'li(()in  +  HCl  =i(C,  H,).,  PbCl  +  HP 

In  the  course  of  the  analysis  of  these  compounds,  they  were  heated,  as  is 
the  usual  custom,  to  105°  C.  to  drive  off  the  moisture.  However,  it  was 
found  impossible  to  obtain  a  constant  Aveight,  and  for  that  reason  it  was 
supposed  that  decomposition  was  taking  place.  Therefore,  instead  of  heating 
samples  to  105°  C,  the  temperature  was  maintained  at  95  °  C.  The  following 
analysis  will  show  the  result  of  such  heating: 

Acetate  No.  Ill,  dried  over  sulphuric  acid  for  one  month,  was  heated  to 
95  degrees. 

.247f)  g.  lost  .0473  g.  oi'  J!). 10  pel-  ccnl. 

.2135  g.  lost  .0624  g.  or  2!}.::>:J  jxt  cent.  Tlic  healing  was  discmil  imicd  at 
this  point  and  the  samples  analyzed. 

Analysis  of  the  Dried  Aeeldte. 

.2003  g.  gave  .1708  g.  Lead  Sulpliate  or  58.24  per  cent. 

.1511  g.  gave  .1283  g.  Lead  Sulplialc  or  58.00  per  cent.  Theoretical 
58.62  per  cent. 

]t  is  cx-iilriil  I'riuii  Ihc  alinxr  tij^urcs  llial  these  com|Hiunds  undergo  sul)li- 
matioii  wlic'ii  liraled  to  siirli  t  cnipcral  urcs  as  those  indicated.  Tills  analysis 
was  madr  im  a   preparat  inn  whirli   had   liccii  |)rc]>arrd  in  tlic  early  jiart    nf  the 
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work,  aud  -wliich  was  not  subjected  to  purification  Ijy  reerystallization  from 
alcoliol.    However,  the  analysis  shows  a  fair  degree  of  purity. 

The  lead  in  these  compounds  is  in  the  masked  or  protected  form,  wliich 
prevents  the  lead  from  reacting  with  the  usual  precipitating  reagents;  such 
as,  chlorides,  sulphates,  sulphides,  and  carbonates.  Also  lead  in  this  combina- 
tion, when  injected  into  the  blood  stream,  will  not  precipitate  the  blood  pro- 
teins. Therefore,  I  have  been  able  to  inject  these  compounds  intravenously 
in  .5  per  cent  aqueous  solution.  The  results  of  such  injections  are  recorded 
in  the  following  paragraphs. 


EXPERIMENTAL 


Fig.  1  shows  respiration,  pyloric  contractions,  and  blood  pressure  as  re- 
corded in  a  dog  of  8.5  kilos  under  ether  anesthesia.  At  the  beginning  (left  hand 
side  of  the  record)  there  was  injected  .5  c.c.  of  a  .5  per  cent  water  solution  of 
the  triethyl  lead  acetate.     It  will  be  noted  that  the  respiration  is  completely 
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stopped.  There  is  a  marked  inerease  in  tone  and  aetivity  of  the  j^ylorus,  and 
a  ijrompt,  pronounced  and  prolonged  fall  in  blood  pressnre. 

The  dose,  .5  e.e.  of  .5  per  cent  triethj-l  lead  acetate,  figured  in  grams  of 
substance  injected,  is  found  to  be  .0025  grams,  or  about  .0015  grams  of  lead. 

The  quantity  of  lead  necessary  to  produce  jjoisoning  is  not  definitely 
l<n()wn.  BrouardeP^  states  that  poisoning  may  result  from  1  mg.  of  lead  per 
day  while  others  give  higher  figures.  (Jaertner'-'  claims  that  symptoms  will 
occur  in  man  onlv  after  several  months  with  the  dailv  ingestion  of  from  4  to 
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7  mg.  According  to  l''hiegge  and  Ucffter"'  such  symptoms  will  occur  in  three 
or  four  weeks  with  the  daily  ingestion  of  60  mg. 

The  objective  symptoms  occurring  after  the  first  injection  of  the  com- 
pound have  been  rci'onU'd  l)y  Ilarnack'"  an<l  arc  the  observations  made  on 
an  unanesthetized  animal.  However,  tliey  are,  for  the  most  part,  quite  similar 
to  the  present  observations  made  (in  anesthetized  animals. 

According  to  llarnaclv.  "the  (irst  symi)toms  following  immediately  after 
the  injection  arc  doubtless  dtu'  1o  llie  acticui  of  the  intact  compound.  The  ani- 
mal yeljis  loudly  and  Falls  in  a  faint,  as  if  partially  narcotized,  during  which 
the  resi)irati(in    is  (•(oiiplctely   stopped.      If   one    iiitrodiu'cs   artificial   respira- 
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tioii,  tlie  nnimal  will,  in  the  course  of  a  few  minutes,  breathe  and  awake  from 
the  faint.  It  is  still  somewhat  dazed  and  weak  and  there  appears  to  be 
p.sychic  irritation,  hallucinations,  loss  of  higher  functions  of  the  brain,  etc. 
There  is  also  pronounced  salivation  with  a  flowing  from  the  nose  and  a  con- 
dition of  nausea  is  present:  Imwever,  without  any  vdmitino-." 


It  will  further  he  observed  in  Fig.  1  that  the  second  injection  of  the  same 
amount  of  the  compound  is  followed  by  an  entirely  different  result.  The 
blood  pressure,  instead  of  falling,  rises  and  remains  quite  as  high  as  it  orig- 
inally was.  Intestinal  activity  is  again  somewhat  increased  and  respiration, 
although  poorly  shown  here,  is  stimulated  instead  of  being  stopped.  This 
striking  reversal  of  conditions  apparently  completely  escaped  the  attention 
of  Harnack. 

Fig.  2  is  another  record  made  on  the  same  animal  as  used  in  Fig.  1.  It 
shows  the  result  of:  first,  the  injection  of  3  c.c.  of  ergamine  solution  (1  mg. 
per  10  c.c.)    giving  a   normal   effect   for  ergamine.     The   second   injection   is 
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-%  ec-  of  the  .5  per  cent  triethyl  lead  acetate  solution.  The  effect  on  respira- 
tion is  better  shoAvn  than  in  the  [jrevious  tracing.  The  third  injection  of  1 
c.c.  of  the  drug,  which  is  the  fourth  injection  of  the  compound',  gives  results 
similar  to  the  previoiis  injection. 

Fig.  3  is  the  third  tracing  taken  from  the  same  animal  and  shows  the 
result  of  injecting  another  cubic  centimeter  of  the  triethyl  lead  acetate  solution, 


Cl,JntVV«Vx«.(»-><>0  0»\ 


the  respiration  being  stimulated,  pyloric  activity  increased,  and  blood  pres- 
sure markedly  increased.  The  residt  of  injecting  Vi  i'**.  of  adreiuilin  (1-10,000) 
is  also  recorded  and  furnishes  a  eominirison  with  the  lead  <Miin|iound  as  well 
as  a  check  on  i  lie  leclmie. 

Fig.  4  shows  resi)irati()n,  blood  i)ressure,  kidney  volume,  and  pyloric  con- 
tractions taken  on  a  dog  of  (i  kilos  under  ether  anesthesia.  The  first  injection 
of  .5  c.c.  of  .5  per  cent  trielhxi  lead  chloride  gave  similar  results  to  those  ob- 
tained from  the  acetate  salt,  the  respiration  being  stopped,  blood  pressure  fal- 


PHARMACOLOGIC    ACTION"    OF    LEAD    IN    ORGANIC    COMBINATION" 


435 


ling,  and  pyloric  tonus  and  activity  increased.  In  addition,  it  will  be  seen 
that  the  kidney  volume,  although  but  slightly  altered,  did  show  the  heart 
beat  much  more  plainly  than  before  the  injection.  The  second  injection  of  1 
c.c.  of  the  drug  showed  practically  the  same  results  as  those  obtained  from  the  sec- 
ond injection  of  the  acetate,  with  the  additional  fact  that  the  kidney  is  constricted. 
The  third  injection  of  2  c.c.  of  the  chloride  shows  the  stimulation  of  the  res- 
piration and  the  marked  rise  in  blood  pressure,  also  a  decrea.se  in  kidney  volume. 
Fig.  5  is  a  second  record  made  from  the  same  animal  and  sliows  the  result 
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of  the  fourth  injection  of  the  chloride,  and  at  the  right  hand  side  of  the  record 
is  shown  the  result  of  injecting  %  c.c.  of  1-10,000  adrenaline. 

Fig.  6  is  a  record  made  on  an  animal  of  6.5  kilos  under  ether  anesthesia, 
and  shows  the  respiration  and  blood  pressure  with  the  result  of  injecting  an 
aqueous  solution  of  the  triethyl  lead.  The  water  solubility  of  this  compound 
has  not  been  determined  exactly;  however,  it  appears  to  be  but  slightly  solu- 
ble. The  first  injection  of  1/4  ec-  of  such  an  aqueous  solution  gave  a  very 
similar  result  to  those  obtained  from  the  use  of  the  salts  previously  discussed. 
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With  additional  injections,  the  reversal  of  the  first  results  did  not  oeeiir  so 
promptly,  but  this  mi<jht  be  due  to  the  size  of  the  doses  administered,  and 
not  to  any  marked  difference  in  their  action. 

The  characteristic  fall  iu  blood  pressure  f()llowin<>'  the  first  injection  and 
the  rise  followins'  the  second  injection,  would  suti^cst  the  possibility  that  the 
vagal  action  upon  the  heart  was  involved  in  iiroducinp-  the  first  fall  and  that 
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such  action  was  not  jjrcsent  at  the  time  of  the  second  injection.  Fig.  7  is 
a  record  which  apparently  sui)i)orts  this  suggestion.  It  shows  the  respiration 
and  blood  pressure  in  a  small  dog  of  4.5  kilos  under  ether  anesthesia.  At  the 
left  side  of  the  record  at  the  point  marked  R.V.S.,  the  right  vagus  was  stimu- 
lated in  the  neck  and  the  characteristic  results  of  such  stimulation  are  recorded. 
There  was  injected  %  c.c.  of  triethyl  lead  acetate  solution,  and  after  about 
two  miimlcK  tlie  left  vagus  was  stimulated,  causing  a  stoppage  of  respiration 
and    an    as|)liyxial    rise    in    lihiotl    jji'i'ssuri'.      However,   the   vagal    stimulation 
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showed  110  direct  action  on  the  lieart.  Stimulation  of  the  right  vagus  gave  similar 
results.  These  results  would  lead  one  to  believe  that  the  first  action  of  the 
drug  on  blood  pressure  is  due  to  vagal  stimulation  followed  by  paralysis. 

Harnack,  in  discussing  the  action  of  the  triethyl  lead  acetate  on  the  rabbit, 
says:^*  "Also  the  heart  muscle  and  the  muscles  of  respiration  take  part  in  the 
paralysis,  as  is  indicated  by  the  weak  pulse,  the  slow  superficial  respiration,  the 
lowering  of  temperature  of  the  peripheral  parts  and  the  weak  filling  of  the 
blood  vessels  in  the  periphery  of  the  body."  Desiring  to  determine  whether 
or  not  such  a  weakening  of  the  heart  muscle  was  responsible  for  the  lowered 
blood  pressure  in  the  dog,  I  made  myocardiograph  records  such  as  is  shown  in 
Fig.  8  which  is  a  record  of  the  blood  pressure  and  direct  heart  muscle  action. 
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Fig.   10. 


At  the  left  side  of  the  record,  the  right  vagus  was  stimulated.  This  pro- 
duced a  slowing  of  the  heart  with  a  fall  in  blood  pressure.  Stimulation  of  the 
left  vagus  gave  similar  results.  After  a  normal  blood  pressure  was  again  es- 
tablished 1  CO.  of  the  .5  per  cent  triethyl  lead  acetate  was  injected.  It  will 
be  noted  that  about  6  or  8  seconds  later  there  occurred  the  characteristic 
fall  in  blood  pressure,  which  was  accompanied  by  a  slowing  and  a  weakening  of 
the  heart  beat.  Fig.  9  shows  the  result  (taken  on  the  same  animal  as  Avas 
used  in  record  8)  of  injecting  2  c.c.  of  the  solution.  In  about  24  seconds  the 
lilood  pressure  rose  and  the  heart  beat  was  more  rapid  and  stronger.  Stimula- 
tion of  the  right  and  left  vagus,  with  the  same  strength  stimulus  as  used  in 
record  8,  showed  the  vagus  was  still  active,  but  not  so  strongly  as  in  Fig.  8. 

At  this  phase  of  the  work  it  was  thought  important  to  determine  whether 
the  innervation  of  the  bronchial  musculature  was  also  affected  similarly  to 
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that  of  the  heart.  Fig.  10  shows  tlie  result  of  siicli  ohservations.  This  animal 
was  pithed  and,  after  receiving  20  c.c.  of  tri(!thyl  lead  acetate  solution,  2  c.c. 
at  a  time,  the  record  (Fig.  10)  was  made.  The  fir.st  injection  at  the  left  was 
1  mg.  of  arecoline.  The  normal  action  of  arecoline  on  the  lung  volume  and 
blood  pressure  is  observed.  After  constriction  of  the  lungs  by  the  arecoline, 
%  c.c.  of  adrenaline  1-10,000  waS  given  with  the  result  that  adrenaline  di- 
lated the  lungs  in  the  normal  manner.  Another  c.c.  of  adrenaline  was  again 
injected,  which  produced  a  further  dilatation.  It  will  be  noted  that  vagal 
stimulation  (R.  Y.  S.  and  L.  V.  S.)  had  no  direct  action  on  the  heart.  It  would 
appear  from  this  record  that  the  drug  does  not  paralyze  the  endings  of  the 
postganglionic  fibers  of  the  vagi,  or  of  the  sympathetics  in  the  lungs. 

In  attempting  to  determine  Avhether  or  not  the  sympathetic  ganglia  are 
acted  upon  by  the  drug,  a  series  of  experiments  were  carried  out,  using  lobelin. 


Lobelin  is  a  drug  which  lirst  stimulates  and  later  ])aralyzes  the  sympathetic 
ganglia,'"  an  action  quite  similar  to  that  of  nicotine.  Fig.  11  shows  a  record 
taken  on  an  animal  which  had  ]ireviously  received  three  or  four  injections  of 
triethyl  le:i(l  (•lil(ii'i<b'.  and  had  given  a  noi-niai  rfs|i(iiise  to  each.  A  small 
amount  of  lol)elin  solution  was  then  injected  and  the  usual  reactimi.  due  to 
stimulation  of  the  sympathetic  ganglia,  was  observrd.  Tlie  recurd  shows 
the  I'esult  of  a  second  injection  of  lobelin,  which  liy  tlic  lack  (if  r<'s|HPiise,  in- 
dicates that  the  ganglia  arc  jiaialyzed.  As  a  rurllicr  c'licck,  liie  rigiil  vagus 
was  stimulated  with  1hc  result  shown.  It  will  be  observed  thai,  after  the  ad- 
mini.stralion  of  lobelin,  the  i-cmi11s  uf  administering  triethyl  lead  are  very 
similar  to  those  obtained  li-oiii  a  noi'nial  animal.  In  answer  to  the  (piestion  as- 
to  whclher  or  not  a  priniai-y  fall  in  blooil  jii'i'ssurc,  I'ollowiug  the  first  injec- 
tion of  triethyl  lead  salts  is  obtaincil  after  lobelin,  we  may  n'fer  to  Fig,  12. 
This  tracing  shows  the   respii-ation   and   blood   pressure  as  recorded   in  a  dog 
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of  8.5  kilos  under  ether  anesthesia.  The  blood  pressure  changes  iu  this  par- 
ticular animal,  folloAviug  the  injection  of  lobelin  and  triethyl  lead  solution,  are 
not  very  pronounced.  However,  they  are  completely  typical,  and  the  record 
serves  to  show  that  the  triethyl  lead  acts  in  its  usual  manner  after  the  in- 
jection of  lobelin. 

Haruack,  in  discussing  the  fall  in  blood  pressure,  produced  in  rabbits, 
maintains  that  the  vessel  walls  are  not  acted  upon,  and  that  the  vasomotor 
center  is  not  affected,  but  that  the  whole  action  is  due  to  the  weakened  condi- 
tion of  the  heart.  As  evidence  he  submits  the  following:-"  "To  decide  this 
question,  the  following  course  of  research  was  carried  out :  a  rabbit  which 
showed  the  action  of  triethyl  lead  decidedly,  was,  while  in  such  condition,  exam- 
ined to  note  the  state  of  the  ear  vessels.  Such  animals,  if  then  subjected  to  ehloro- 
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form  anesthesia,  showed  a  widening  and  filling  of  the  ear  vessels,  which  were 
previously  narrow  and  weakly  injected.  This  .shows  that  the  vessel  muscles 
are  not  directly  stimulated  by  the  lead."  In  order  to  show  that  it  is  not  the 
vasomotor  center  which  is  affected,  he  carried  out  the  following  experiment. 
In  a  rabbit  (1570  grams)  he  cut  the  sympathetic  nerve  on  the  right  side  of  the 
neck  and,  after  the  vessels  in  the  right  ear  dilated  and  increased  in  tempera- 
ture, he  injected  .040  grams  of  triethyl  lead  acetate  subcutaneously.  The  fol- 
lowing morning  there  was  only  a  slight  beginning  of  paralysis.  Therefore, 
another  small  quantity  of  the  salt  was  given  (amount  not  stated).  Very  soon 
the  paralysis  became  greater,  the  heart  beat  weak,  and  the  animal  cool.  The 
vessels  in  both  ears  were  bloodless,  and  those  in  the  right  remained  wider  than 
in  the  left.  Chloroform  o;as  then  given,  and  the  left  ear  vessels  dilated.  The 
animal  died  during  the  anesthesia  from  "heart  paralysis."  There  were  there- 
fore no  grounds,  he  decided,  for  supposing  that  the  lead  stimulated  the  vaso- 
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motor  center  in  rabbits,  or  that  tlie  irritability  of  the  vessel  muscle  was  in- 
creased. 

I  have  studied  a  series  of  iinimals  in   (irdcr  to  di'tiTiniiic  whether  injec- 
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tion  of  the  drug  produced  any  volume  change  in  the  spleen  or  kidney.  Fig. 
13  is  a  record  taken  in  the  course  of  such  work  and  shows  respiration,  spleen 
volume  and  blood  pressure.  The  first  two  injections,  shown  on  the  record,  are 
those  of  lobelin  sulphate  solution  and  are  the  second  and  third  injections.  It 
will  be  noted  that  the  lobelin  had  no  noticeable  action,  which  means  that 
the  first  injection  (not  shown  in  the  tracing)  was  sufficient  to  paralyze  the 
sympathetic  ganglia.  The  injection  of  1  c.c.  of  the  .5  per  cent  triethyl  lead 
chloride  gave  complete  stoppage  of  respiration,  an  initial  increase  in  spleen 
volume  followed  immediately  by  a  decrease,  and  the  blood  pressure  was 
lowered.  The  second  injection  of  the  drug  stimulated  respiration,  decreased 
spleen  volume,  and  increased  blood  pressure. 

Fig.  14  shows  respiration,  spleen  volume,  and  blood  pressure.     The  injec- 
tion of  lo  c.c.  of  1-10.000  adrenaline  solution  gave  the  characteristic  action 


on  the  spleen  volume  and  some  increase  in  blood  pressure.  The  injection 
of  1  c.c.  of  a  .5  per  cent  solution  of  the  lead  salt  gave  stoppage  of  respiration, 
an  increase  in  spleen  volume  followed  immediately  by  a  decrease,  and  the 
blood  pressure  fell  as  usual.  The  principal  thing  of  interest  in  the  second 
injection  of  lead  (2  c.c.)  is  the  marked  contraction  of  the  spleen  without  the 
preliminary  dilatation. 

Fig.  15  shows  kidney  volume,  respiration  and  blood  pressure.  It  will  be 
noted  that  with  the  first  injection  the  kidney  volume  increased.  This  increase 
in  volume  is  followed  by  a  not  very  marked,  but  prolonged  decrease.  The 
second  injection  of  the  drug  gave  only  the  decrease  in  kidney  volume. 

Fig.  16  is  presented  to  show  the  initial  increase  in  kidney  volume,  followed 
immediately  by  a  pronounced  decrease  in  volume.  It  will  also  be  noted  that, 
with  this  first  injection  of  the  drug,  there  is  a  marked  increase  in  tonus  activitv 
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of  tlie  pylorus.     In  this  eoiinectioii,  referenec  to  Fig.  1  will  show  that  intes- 
tinal activity  was  there  also  markedly  increased. 

In  order  to  determine  whether  or  not  the  vagus  ending.s  are  the  seat  of 
action  of  the  lead  salts,  the  triethyl  lead  acetate  was  administered  after  atro- 
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pine,  and  also  after  atropine  and  section  of  Ijotli  vaoi.  Fig.  17  is  a  record  of 
blood  pressure  and  respiration  recorded  in  an  animal  after  the  administration 
of  atropine  and  section  of  both  vagi.  It  will  be  noted  that  the  first  in.jection 
{vpper  half  of  tracing)  produced  a  cessation  of  respiration  and  a  fall  in  blood 
pressure,  somewhat  similar  to  the  effect  observed  on  animals  with  intact 
vagi ;  also  the  subsequent  injections  of  the  triethyl  salt  gave  results  similar 
to  those  obtained  from  normal  animals.  It  is  of  interest  to  note  the  relative 
height  and  duration  of  the  second  and  fourth  injections. 

Fig.  18  shows  lung  volume  and  blood  pressure  as  recorded  in  a  pithed 
dog  of  6.5  kilos.  Following  the  injection  of  .5  e.c.  of  .5  per  cent  triethyl 
lead  chloride  solution,  the  lungs  show  a  slight  but  insignificant  increase  in 
volume.  The  blood  pressure  was  gradually  somewhat  lowered  and  remained 
at  a  constant  level  regardless  of  the  later  injections  of  1,  2  and  4  c.c.  of  the 
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drug.  It  is  evident  that  the  drug  has  but  little  apparent  action  on  a  pithed 
animal.  There  are  those  who  maintain  that  the  dyspnea  accompanying  lead 
colic,  is  due  to  a  spasm  of  the  bronchial  muscles."  However,  it  will  be  observed 
that  lead,  in  such  a  form  as  here  injected,  does  not  cause  a  constriction  of 
the  bronchioles,  but,  if  anything,  a  slight  dilatation. 

In  order  to  further  localize  the  seat  of  action  on  the  central  nervous  system, 
the  cord  was  sectioned  below  the  origin  of  the  phrenic  nerves  and  the  drug- 
was  then  injected.  Fig.  19  shows  a  record  of  such  an  experiment.  The  animal 
was  breathing  normally,  as  is  shown  by  the  record,  and  it  will  be  observed 
that  the  respiration  was  greatly  influenced  by  the  drug,  but  that  blood  pres- 
sure shows  only  slight  changes ;  the  initial  rise  is  possibly  due  to  the  action 
of  the  diaphragm.    The  injections  following  the  first  showed  no  significant  ac- 
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tion  ou  the  blood  pressure.  Fig.  20  is  a  record  made  on  a  dog  in  which  the 
cord  was  sectioned  at  the  seventh  cervical  and  both  vagi  divided.  The  vagi 
were  sectioned  at  the  two  crosses  marked  on  the  tracings  as  V.  S.  Following 
the  section  of  the  vagi,  1  e.c.  of  the  acetate  of  the  usual  strength  was  injected. 
The  respiration  was  stopped  as  usual,  and  it  was  found  necessary  to  adminis- 
ter artificial  respiration  between  the  points  marked  with  crosses  as  indicated. 
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The  most  interesting  part  of  the  record  is  that  the  first  injection  produced  a 
slight  rise  iu  blood  pressure,  and  not  a  fall.  The  second  injection  of  1  e.c. 
did  not  alter  the  blood  pressure,  but  did  affect  the  respiration,  makino-  it  nec- 
essary to  introduce  artificial  respiration. 

Desiring  to  determine  whether  the  activity  of  the  compound  is  due  to  the 
particular  salt,  or  to  the  lead  in  the  molecule,  or  to  the  special  arrangement 
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of  the  ethyl  radicals  in  the  molecule,  I  exteiuled  the  work  to  include  the 
preparation  and  use  of  the  trimethyl  lead,  trimethyl  lead  chloride,  and  triethyl 
antimony  nitrate.  That  the  action  is  not  due  to  the  particular  salt  of  lead 
triethyl  is  evidenced  in  the  work  already  presented. 

The  preparation  of  trimethyl  lead  is  described  by  Cahours;-^  however, 
I  prepared  it  in  much  the  same  way  as  the  ethyl  compounds,  and  for  the 
chloride  I  obtained  a  preparation  of  white,  thin,  crystalline  plates,  having 
an  odor  not  unlike  the  methyl  amines.  I  did  not  run  an  analysis  on  the  prod- 
uct, and  for  that  reason,  am  not  certain  as  to  its  absolute  purity;  however, 
as  a  check  on  the  work,  I  used  an  aqueous  solution  of  the  oil,  which  is 
(CH3)3Pb-Pb  (CH3)3  and  later  a  50  per  cent  alcoholic  solution  of  the  com- 
pound.    The  oil  must  necessarily  be  of  a  rather  high  degree  of  purity. 
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Fig.  21  is  a  record  of  blood  pressure  and  respiration  taken  on  a  dog  un- 
der ether  anesthesia.  The  first  injection  is  that  of  2  c.c.  of  .5  per  cent  trimethyl 
lead  chloride.  There  is  no  apparent  change  in  the  respiration,  and  the  blood 
pressure  shows  only  a  slight  fall  immediately  followed  by  a  greater  rise.  The 
next  two  injections  of  7  and  15  c.c.  correspond  quite  closely  to  the  first  injec- 
lioii.  The  injection  of  1  c.c.  of  triethyl  lead  chloride  solution  at  this  point 
gave  the  characteristic  fall  in  blood  pressure  and  a  stoppage  of  respiration, 
followed  after  a  brief  interval  by  a  pronounced  stimulation.  The  second 
injection  of  1  c.c.  of  triethyl  leail  salt  acted  in  the  usual  manner.  The  next 
two  injections  of  7  and  15  c.c.  are  of  the  metliyl  compound  and  show  notliing 
very  striking.  The  last  injection  of  the  otliyl  coniponnd  gave  a  very  jiro- 
iiounced  result. 
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As  a  further  check,  the  aqueous  solutiou  of  the  trimethyl  lead  was  used. 
It  will  be  noted  iu  Fig.  22  that  such  a  solution  did  not  show  any  action  on 
respiration  or  blood  pressure.  The  kidney  A-olume  did  show  that  filling 
of  the  kidney  was  not  so  good  as  time  went  on;  this  may  be  due  to  the  action 
of  the  compound.  Not  knowing  the  solubility  of  the  compound  in  water  a 
saturated  solution  in  50  per  cent  alcohol  was  used,  which  shows  no  pronounced 
changes.  Fig.  23  is  another  record  taken  on  the  same  animal  as  used  in  Fi<''. 
22.  It  will  be  noted  that  a  water  solution  of  the  triethyl  lead  was  very  active. 
The  third  injection  of  3  c.c.  proved  to  be  a  fatal  dose. 

These  records  imply  that  either  one  or  the  other  of  two  things  is  respon- 
sible for  the  activity  of  triethyl  lead  compounds;  either  that  the  lead  radical 
in  that  particular  combination  is  responsible;  or  that  the  activity  is  due  to 


the  peculiar  combination  of  the  ethyl  radicals  with  the  lead.  Apparently 
trimethyl  lead  does  not  act  in  the  body  as  the  triethyl  lead  compounds  do. 
This  point  is  not  .so  startling  when  one  considers  that  there  are  many  sub- 
stances which  differ  chemically  much  less  than  triethyl  lead  and  trimethyl 
lead  differ  (for  example,  some  of  the  sugars),  but  which,  when  taken  into 
the  body,  vary  greatly  in  their  assimilability  by  the  tissues  (as  occurs  with 
levulo.se  and  dextrose). 

To  determine  whether  the  activity  of  the  triethyl  compounds  is  due  mainly 
to  the  particular  grouping  of  the  ethyl  radicals,  I  have  prepared  and  used  tri- 
ethyl antimony  nitrate.  Th"  triethyl  stibine  is  obtained  by  the  action  of  ethyl 
iodide  on  an  alloy  of  antimony  and  sodium  in  a  manner  similar  to  that  used 
in  the  preparation  of  the  triethyl  lead.--'     It  is  a  colorless  liquid  having  an 
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odor  of  onions,  and  on  coming  in  contact  with  the  air,  oxidizes  instantly  and 
burns  with  a  white  flame.  Triethyl  stibine  oxide  is  obtained  by  shaking  an 
alcoholic  solution  of  the  triethyl  stibine  with  finely  divided  mercuric  oxide. 
Mercury  is  set  free,  and  the  oxide  of  the  radical  is  produced. 

The  uitrate  can  be  prepared  by:  First,  the  action  of  nitric  acid  on  the 
triethyl  stibinic  oxide;  or,  second,  the  action  of  dilute  nitric  acid  on  the  tri- 
ethyl stibine.  The  nitrate  crystallizes  oiit  in  Avell  defined,  rhomboidal  crys- 
tals with  a  melting  point  of  62.5°  C.  It  i.s  very  soluble  in  water  and  has  a  bitter 
taste. 

Fig.  24  shows  respiration  and  blood  pressure  as  recorded  in  an  animal 
of  10  kilos  under  ether.  Triethyl  antimony  uitrate  was  injected  in  a  1  per 
cent  water  solution.  It  will  be  noted  that  the  results  of  the  injection  in  no  way 
correspond  to  those  obtained  through  the  use  of  the  triethyl  lead  salts.     It  is 
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of  interest  that,  after  this  tracing  was  made,  the  lead  salt  was  injected  and  the 
characteristic  results  obtained.  From  this,  it  appears  tliat  the  ethyl  radical 
is  not  chielly  responsible  for  the  activity  of  the  triethyl  lead  compounds. 


EXCRETION 

Lead  is  excreted  mainly  by  the  feces  (small  and  large  intestine  and  bile) 
and  to  a  minor  degree  in  the  urine;  also  traces  appear  in  the  saliva,  sweat  and 
milk.-'*  After  ingestion  all  is  excreted  in  organic  combination,  except  the  un- 
absorbed  fraction  in  the  feces.-* 

Dauwe-^  states  that  lead  injected  inti-avenously  disappeai-s  rapidly  from 
the  blood,  the  greater  part  disappearing  in  less  than  I  wo  minules.  Kobart-" 
claims  that  the  main  deposition  of  lead  in  the  liody  occni's  in  the  kidneys,  the 
bones,  liver  and  other  glands,  a  ininoi-  nindiint  in  llic  brain,  striped  ami  snnHith 
muscle,  and  blood. 

In  attempting  to  dcteimine  the  mode  and  rate  of  excretion  of  tiie  trielliyl 
lead  compounds,  liarnaek  failed,-"  after  nunieiniis  attempts,  to  show  the 
presence  of  any  undecomposed  trietliyl  lead  in  tlie  mine  of  animals  poisoned 
with  the  compound.     Tie  maintained  tliat,  if  sueli  a  radical  should  be  ])resent,. 
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it  would  be  easy  to  isolate  it  and  to  demonstrate  its  presence.  He  presents 
the  foUovring  data  obtained  from  large  samples  of  nrine,  collected  for  long 
periods  of  time: 

Three  and  one-half  liters  of  urine,  collected  from  a  rabbit  which  had  received 
during  the  period  (45  days)  a  total  of  0.3  grams  triethyl  lead  acetate  adminis- 
tered subcutaneously,  gave  a  yield  of  .0077  grams  of  lead.  There  was  therefore 
about  4  per  cent  of  the  lead  excreted  in  the  urine.    The  feces  were  not  analyzed. 

In  the  present  work,  I  have,  on  several  occasions,  tested  for  the  presence 
of  lead  in  the  samples  of  urine  obtained  from  the  animal  at  the  end  of  the 
experiment.  These  animals  would  often  receive  a  total  injection  of  .125  grams 
during  the  experiment,  and  occasionally  as  much  as  .250  grams  have  been 
given,  the  duration  of  the  experiment  often  being  two  hours  or  more.  How- 
ever, I  have  not,  in  any  case,  been  able  to  detect  the  lead  in  the  urine,  either 
by  applying  the  test  to  the  urine  directly,  or  by  evaporating  it  to  dryness  in 
the  presence  of  concentrated  nitric  acid  and  testing  for  the  lead  salt.  However, 
I  do  not  maintain  from  these  findings  that  lead  is  not  to  a  certain  degree  ex- 
creted in  the  urine. 

DISCUSSION 

With  the  foregoing  experimental  data  at  hand,  it  is  very  intere.sting  to 
review  the  conclusions  formulated  by  Harnack.  He  considers  that  interpreta- 
tion of  his  results  justify  the  following  conclusions,--  translated  somewhat 
freely: 

(1)  That  lead  affects  the  substance  of  all  cross  striated  muscle;  not  that 
it  primarily  makes  each  contraction  impossible,  but  that  it  causes  the  active 
muscle  to  become  quickly  exhausted;  also  the  muscle  finally  loses  its  irritability 
and  dies;  yet  the  lead  does  not  interfere  with  rigor  mortis.  This  action  of  lead 
is  more  pronounced  in  the  frog  and  rabbit  than  in  other  animals. 

(2)  That  lead  affects  certain  central  motor  nerve  mechani.sms;  the  action 
consists  of  a  stimulation,  from  Mhich  originate  peculiar  ataxic  movements, 
also  a  continuous  trembling  and  twitching,  and  finally  convulsions;  yet,  con- 
sciousness remains  and  sensibility  is  not  lo.st.  The  seat  of  action  is  probably 
the  mid-brain  or  cerebellum.  The  action  is  especialh-  marked  in  the  dog,  but 
is  also  noted  in  eats  and  pigeons. 

(3)  That  lead  irritates  certain  nerve  structures,  located  in  the  intestinal 
wall,  which  control  the  intestinal  movements.  This  stimulation  therefore  causes 
general  contraction  and  increased  peristalsis  of  the  intestines,  producing  colic 
and  causing  an  increased  irritability  of  the  whole  belly,  also  diarrhea.  The 
action  is  clearly  outspoken  in  all  mammals  which  were  studied.  An  action  on 
the  smooth  muscle  of  the  intestine,  of  the  blood  vessels,  etc.,  is  not  demonstra- 
ble. Respiration  and  circulation  are  not  directly  influenced,  except  that  in 
animals  in  which  the  muscle  paralysis  is  very  prominent,  then  also  the  heai't 
and  respiratory  muscles  take  part  in  the  paralysis. 

Although  the  records  which  I  have  presented  do,  to  a  certain  degree, 
confirm  some  of  Harnack 's  observations,  there  are,  however,  many  points  on 
which  we  differ  widely.  One  of  the  most  striking  differences  deals  with  the 
questions  of  respiration  and  circulation.  Harnack  was  of  the  opinion  that  these 
were  not  primarily  affected ;  however,  there  seems  to  be  no  doubt  that,  as 
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shown  by  my  experiments,  both  respiration  and  circulation  are  greatly  af- 
fected by  the  administration  of  the  triethyl  lead  compounds.  To  determine 
the  manner  in  which  respiration  and  circulation  are  affected  has  been  the  ob- 
ject of  a  great  deal  of  the  present  work. 

It  is  generally  assumed  that  chronic  lead  poisoning  is  accompanied  clini- 
cally by  a  rise  in  blood  pressure  and  vasoconstriction.  Riegel  and  Frank-* 
stated  that,  during  the  attacks  of  colic,  the  blood  pressure  was  increased,  and 
it  has  therefore  been  suggested  that  the  hypertension  may  be  due  to  the 
violent  contraction  of  the  intestines  which  produce  mechanical  displacement  of 
blood,  or  to  the  pain  reflexes.  The  pallor  of  the  skin  has  been  considered  an 
indication  of  vasoconstriction.  Quellien^"  believes  that  even  in  acute  poisoning 
the  blood  pressure  is  raised. 

That  the  blood  pressure  changes  as  produced  with  lead  triethyl  salts  are 
not  due  to  the  increased  activity  of  the  intestines  with  the  forcing  out  of  the 
blood  from  the  intestinal  area  is  clearly  shown  in  Fig.  1  and  again  in  Fig.  16, 
in  which  it  will  be  observed  that,  regardless  of  the  violent  intestinal  activity 
produced  by  the  injection  of  the  first  dose,  the  blood  pressure  falls  and  re- 
mains low  until  the  second  injection  of  the  compound.  At  this  time  peris- 
talsis is  not  any  more  active,  if  even  as  vigorous,  as  following  the  first  injection; 
yet  the  blood  pressure  is  strikingly  increased. 

That  the  blood  pressure  changes  are  not  wholly  due  to  muscular  activity 
resulting  from  central  nervous  stimulation  is  evident,  for  there  is  present  as 
much  or  more,  muscular  activity  following  the  first  injection  as  there  is  after 
the  second ;  yet,  a  fall  in  pressure  is  produced  by  the  first  injection  instead  of 
a  rise.  Also,  if  an  animal  is  deeply  under  anesthesia  so  that  no  muscular 
activity  is  observed,  the  fall  and  rise  are  produced  in  the  usual  order. 

That  the  cessation  of  respiration  in  the  first  case  and  the  stimulation  in 
the  second  are  not  directly  responsible  for  the  blood  pressure  change  is  espe- 
cially well  shown  in  Fig.  17  and  others,  where  it  will  be  observed  that  the 
intensity  of  the  blood  pressure  change  does  not,  in  any  degree,  correspond  to 
the  respiratory  changes. 

One  factor  which  appears  to  be  quite  active  in  producing  alterations 
in  the  blood  pressure  is  the  variation  produced  in  the  rate  and  volume  out- 
put of  the  heart  following  the  first  and  subsequent  injections.  This  point  is 
shown  in  Figs.  8  and  9.  After  the  first  injection  of  the  compound,  the  heart 
beats  more  slowly  and  the  amplitude  of  the  beat  is  considerably  less.  This 
action  appears  to  be  partly  due  to  stimulation  of  the  vagus.  But  Fig.  9  shows 
that,  following  the  second  injection,  the  heart  rate  and  amplitude  are  consid- 
erably increased.  It  appears  that  the  cardiac  vagal  action  present  at  first 
has  disappeared,  and  it  was  found  in  several  animals,  the  tracing  from  one 
of  which  is  shown  in  Fig.  7,  that  stimulation  of  the  vagus  with  the  electric  cur- 
rent was  either  without  action,  or  the  action  was  much  less,  after  the  adminis- 
tration of  the  drug.  From  the  records  presented  one  is  likely  to  dnul)t  this, 
proposed  explanation  of  vagal  stimulation  and  paralysis,  since  Fig.  11  was 
obtained  after  atropine  and  Fig.  13  after  lobelin,  and  both  show  changes  some- 
what similar  to  those  obtained  from  animals  with  intact  vagi.  However,  a 
more  careful  consideration  will  sluiw  lliat   the   fall  in  bbiod  i)ressure  in  both 
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of  these  eases  was  uot  a  sudden  fall  such  as  results  from  electrical  stimulation 
of  the  vagus,  or,  as  that  observed  in  Figs.  1  and  7. 

The  sudden  dilatation  of  the  spleen  and  kidney,  following  the  first  injec- 
tion might  also  play  some  part  in  the  fall  of  blood  pressure,  while  the  con- 
striction of  these  organs  evidently  plays  an  important  part  in  the  rise  fol- 
lowing the  subsequent  injections. 

Animals,  injected  with  the  triethyl  lead  compounds,  unless  deeply  under 
anesthesia,  showed  a  marked  stimulation  of  the  higher  centers,  at  times  the 
stimulation  being  so  intense  that  the  animal  would  wink  its  eyes  and  appar- 
ently regain  consciousness,  although  it  Avas  completely  under  the  anesthetic 
just  at  the  time  of  injection.  These  results  and  the  violent  action  on  the  res- 
piration prove  that  the  drug  acts  on  the  higher  centers  and  the  medulla. 

It  is  very  interesting  that  triethyl  lead  and  its  compounds  should  be  so 
active  in  stimulating  the  higher  centers  and  the  medulla,  for  it  would  be  ex- 
pected that,  if  the  ethyl  radicals  exerted  any  action,  this  would  be  in  the 
nature  of  depression,  for  such  is  the  property  of  most  of  the  ethyl  compounds; 
for  example,  ether,  ethyl  bromide,  etc.  And  again,  it  would  scarcely  be  ex- 
pected from  the  general  character  of  chronic  lead  intoxications  that  the  metal 
possessed  strongly  stimulating  properties;  therefore,  it  is  rather  .surprising 
to  find  the  compound  so  extremely  active. 

This  violent  stimulation  of  the  medulla  and  basal  ganglia  is,  beyond  all 
doubt,  responsible  for  most  of  the  symptoms  resulting  from  the  administration 
of  lead  in  such  a  combination.  It  will  be  observed  that  the  drug  has  practi- 
cally no  action  on  blood  pressure  when  administered  to  a  pithed  animal.  Also 
in  a  dog  with  the  cord  sectioned  at  the  seventh  cervical  vertebra,  the  result  is 
practically  the  same,  while  after  section  of  the  cord  and  both  vagi,  the  blood 
pressure  shows  a  slight,  but  insignificant  rise. 

A  pithed  animal  (brain  and  medulla),  or  an  amimal  in  which  the  cord  has 
been  sectioned  at  the  seventh  cervical  vertebra  shows  no  signs  of  convulsions. 
This  means  that  the  medulla  and  possibly  the  higher  centers  are  responsible  for 
the  convulsions. 

The  violent  stimulation  of  the  respiratory  center  in  the  medulla  ex- 
plains the  changes  produced  in  respiration.  It  seems  possible  that  the  stop- 
page of  respiration  following  the  first  injection  is  due  to  extreme  stimulation 
of  the  center,  (or,  of  some  higher  controlling  and  inhibiting  mechanism,)  and 
that  the  increased  respiration  following  subsequent  injections  is  the  result  of 
direct  stimulation  of  the  center  itself  after  its  normal  hypersusceptibility  to 
the  compound  has  been  slightly  depressed  by  the  first  injection  of  the  sub- 
stance. 

The  kidney  and  spleen  volume  changes  also  strongly  suggest  stimulation 
of  the  vasomotor  centers.  The  primary  dilatation  is  apparently  of  central 
origin.  But  I  have  suspected  many  times  that,  in  addition  to  this  action,  there 
might  be  some  peripheral  mechanism  concerned,  possibly  in  the  nature  of  a 
brief  primarj'  stimulation  of  vasodilator  nerve  endings.  The  marked  shrink- 
age in  volume  of  the  kidney  and  spleen  which  comes  on  secondarily  is  cer- 
tainly due  mainly,  and  perhaps  entirely,  to  stimulation  of  the  medullary  vaso- 
constrictor center.     It  is  exceedingly  probable  that  this  same  action  is  the 
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cause  of  tlie  jirolon^ed  liypprteiisidii  wliit-li  characterizes  chronic  lead  pois- 
oning. 

Tliei'c  is  also  a  very  strong  pi-ol5al)ility  that  the  increased  intestinal  ac- 
tivity, wliich  gives  rise  to  colic  and  other  intestinal  disturbances,  including 
constipation,  following  the  ingestion  of  lead  is  of  central  origin.  And  the 
slow  pulse  of  chronic  lead  intoxication  may  very  well  be  due  partly,  and  i)er- 
haps  mainly,  to  stimulation  of  the  medullary  inhibitory  center. 

While  in  tlie  early  part  of  this  work  1  was  inclined  to  suspect  tliat  the 
sympathetic  ganglia  might  be  the  seat  of  action  of  the  metal  in  the  production 
of  various  phenomena,  especially  in  regard  to  the  effects  on  intestinal  peris- 
talsis ;  yet,  in  the  long  run  I  have  been  unable  to  find  any  positive  evidence 
that  the  ganglia  are  directly  affected.  In  Fig.  19,  for  example,  it  was  found 
that  repeated  injections  of  triethyl  lead  chloride  produced  no  rise  whatever 
in  blood  pressure  after  section  of  the  si)inal  cord  at  the  level  of  the  seventh 
cervical  vertebra.  If  the  vasoconstrictor  ganglia  had  been  stimulated  in  this 
case,  as  would  have  occurred  under  nicotine  the  blood  pressure  should  have 
risen  as  in  the  normal  intact  animal. 

CONrLT-SIONS 

(1)  Trictliyl  lead  and  salts  of  triethyl  lead  are  extremely  active  in  stim- 
ulating tlie  central  nervous  system.  The  stimulation  is  confined  mainly  to  the 
medulla  and  higher  centers  including  the  pons,  midbrain,  and  i)erhaps  certain 
])ortions  of  the  cerebellum  and  cerebrum. 

(2)  The  injection  of  from  .0025  to  .0050  grams  of  the  salt  is  sufficient  to 
produce  the  characteristic  action  in  a  medium  sized  dog,  the  most  conspicuous 
objective  symptom  being  the  production  of  ecuivulsions.  In  character,  these 
convulsions  correspond  to  those  produced  l)y  cyanides  and  jiicrntoxin.  Itut, 
in  degree,  ap])roximatcly  to  those  of  strychnine. 

(3)  There  is  an  extreme  fall  in  blood  pressure  following  the  first  injection 
of  the  compound,  but  a  marked  and  prolonged  rise  in  blood  pres^sure  following 
all  subseciuent  injections.  The  fall  in  blood  pressure  is  due  to  at  least  two,  and 
l)robably  three  factors:  (1)  Stimulation  of  the  inhibitory  vagus  center  for  the 
heart,  (2)  sudden  dilatation  of  the  vessels  of  certain  visceral  organs  including 
the  kidney  and  spleen,  and  (3)  a  direct  depressant  action  on  the  heart.  The 
rise  in  blood  pressure  following  tlie  second  or  subsequent  injections  is  due  to 

(1)  constriction  of  the  vessels  of  the  kidney,  spleen  and  i)ossibly  other  organs, 

(2)  stimulation  (in  the  medulla)  of  sympathetic  nerves  to  the  heart,  (3)  general 
systemic  convulsions  in  case  these  are  present.  But  the  secondary  rise  in 
blood  pressure  occurs  independently  of  the  existence  or  absence  of  general 
convulsions,  although  these,  if  i)resent.  increase  the  extent  of  the  rise. 

(4)  Respiration  is  sfojiped  by  the  first  injection  and  greatly  increa.scd  by 
subse(|uent  injections.  The  i)rinuiry  cessation  apjiears  to  be  due  to  excessive 
stimulation  of  the  center  itself,  or.  of  some  higher  inhil)iting  nervous  mecha- 
nism, jirobably  located  in  the  pons  or  midbrain.  Acceleration  and  deepening 
of  the  respiration,  which  accomiiany  later  injections,  are  doubtless  the  result  of 
direct  stimulation  of  the  center  itself  after  its  hypersusce]itibility  to  the  drug 
has  been  somewhat  decreased  by  the  lirst  injection. 

(5)  Following  the  jirimary  injection  of  lead  triethyl  acetate,  the  kidney 
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and  spleen  volumes  undergo  an  increase,  followed  immediately  by  a  decrease, 
but  only  the  decrease  in  volume  is  produced  by  subsequent  injections.  The 
preliminary  increase  in  volume  is  probably  due  to  stimulation  of  the  vasodila- 
tor center  in  the  medulla,  while  the  shrinkage  in  volume  of  these  organs  fol- 
lowing, the  second  or  subsequent  injections  is  due  to  a  direct  stimulation  of 
the  vasoconstrictor  center.  (The  preliminary  dilatation  may,  of  course,  be 
explained  as  the  result  of  inhibitory  stimulation  affecting  indirectly  the  vaso- 
constrictor center.) 

(6)  The  dyspnea  accompanying  injections  of  the  drug  is  not  due  to  .spasm 
of  the  bronchial  muscles,  but  to  a  direct  action  on  the  respiratory  center. 

(7)  Probably  the  increased  intestinal  activity  following  intravenous  ad- 
ministration of  the  compound  is  the  result  of  medullary  stimulation  which  thus 
indirectl.y  increases  the  activity  of  the  vagus  nerves.  This  may  also  account 
for  the  slow  pulse,  the  increased  peristalsis  and  colic,  and  the  dj'spneic  or 
asthmatic  .symptoms,  of  chronic  lead  poisoning. 

(8)  The  salts  of  triethyl  lead  furnish  excellent  examples  of  compounds 
which  contain  three  ethyl  groups  (which  are  ordinarily  considered  to  act  as 
depressants  on  the  central  nervous  system),  but  which,  either  owing  to  the 
peculiar  relations  existing  in  the  composition  of  the  molecule  as  a  whole,  or  else 
by  the  specific  action  of  the  lead  contained  in  the  molecule,  act  as  stron<^ 
central  nervous  stimulants,  especially  in  the  medulla,  pons  and  midbrain,  and 
perhaps  even  in  the  motor  areas  of  thctcerebrum,  or  in  the  cerebellum. 
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STUDIES  ON  THE  RESISTANCE  OF  THE  RED  BLOOD  CELLS* 


I.  Resistance  of  the  Red  Blood  Cells  in  Health  to  the  Hemolytic  Action 

OF  Sapotoxin 

By  Chas.  Hugh  Neilson,  M.D.,  and  Homer  Wheelon,  ILD..  St.  Louis,  Mo. 


THE  subject  of  hemolysis  lias  received  much  attention  both  from  the  ex- 
perimental and  clinical  aspect.  Eai-ly  Avorkers  confined  their  attention 
to  the  degree  of  resistance  offered  by  the  erythrocytes  to  anisotonic  saline 
solutions.  Since  then  all  tj-pes  of  hemolytic  agents  have  been  studied,  among 
which  have  been  animal  and  plant  poisons.  Earlj'  students  sought  a  physical 
basis  for  the  processes  of  hemolysis.  Soon,  physical  laws  were  found  inade- 
quate to  explain  certain  phenomena,  and  the  subject  was  investigated  anew 
from  a  chemical  standpoint. 

In  brief  the  results  of  the  two  types  of  hemolytic  action — osmotic  tension 
and  hemolysins — are  as  follows:  Rather  wide  physiologic  variations  in  the 
isotonic  tension  of  the  blood  normally  occurs.  The  venous  blood  usually  shows 
a  slightly  higher  tension  than  that  of  the  arterial  blood.  The  resistance 
remains  remarkably  constant  in  health  but  in  certain  diseases  there  are  found 
wide  variations.  Resistance  of  the  red  cells  to  anisotonic  salt  solutions  is 
raised  by  the  addition  of  hydrogen,  nitrogen,  arsenic,  carbon  dioxide,  carbon 
monoxide,  and  acids  and  diminished  by  traces  of  alkalies  or  oxygen.  During 
the  course  of  typhoid  fever,  pneumonia,  erysipelas,  and  other  acute  infections 
the  isotonic  tension  may  bo  increased.  The  resistance  is  also  increased  in  leu- 
cemia,  secondaiy  anemias,  pregnancy,  lactation,  obstructive  jaundice  and  carci- 
noma. In  cases  of  elevated  blood-pressure,  hemolytic  icterus,  fever,  chlorosis, 
pernicious  anemia  and  cyanosis  the  resistance  of  the  red  cells  is  lowered. 

Many  hemolytic  agents  such  as  the  glucosides,  specific  hemolysins,  and 
animal  poisons  have  been  considered  from  the  clinical  aspect.  Probably  the 
most  thoroughly  studied  hemolytic  agent  is  that  of  saponin.  The  saponins 
markedly  reduce  the  surface  tension  of  water,  also  they  hold  insoluble  Ijodies 
in  suspension  and  have  a  peculiar  affinity  for  lecithin  which  they  dissolve. 
Cholesterol,  on  the  other  hand,  forms  an  insoluble  chemical  com]iound  with 
many  of  the  glucosides.  It  appears  that  the  presence  of  a  hemolytic  agent 
and  lecithin  permits  destruction  of  the  cells,  while  cholesterol  deprives  such 
poisons  of  their  toxicity  by  forming  inactive  ehole.steridcs  with  them.  The 
injection  of  saponin  results  in  a  terrific  destruction  of  the  red  blood  cells  and 
the  appearance  of  the  hemoglobin  in  the  pla.sma.  Such  a  condition  cannot  be 
considered  the  result  of  changes  in  the  hemoglobin,  but  rather  to  the  destruc- 
tion of  the  stroma  of  the  corpuscle  thereby  releasing  the  hemoglobin.     The 
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sapouins  possess  a  stroug  solveut  action  upou  the  lecithin  of  the  stroma,  hence 
its  reduction  or  removal  leads  to  disintegration  of  the  corpuscles.  Such  sol- 
vent action  occurs  more  readily  when  the  blood  cells  are  removed  from  their 
plasma  or  serum,  or  suspended  in  an  isotonic  saline  solution.  In  such  cases 
the  red  cells  are  removed  from  the  protection  of  cholesterol  which  normally 
acts  to  form  inactive  compounds  with  saponin. 

Substances  other  than  the  saponins  when  present  in  the  blood  stream 
or  about  the  red  cells  in  excess  bring  about  destruction  of  the  red  corpuscles. 
The  action  of  snake  venom  has  long  been  knoAvn;  more  recently  it  has  been 
shown  that  oleic  acid  in  excess  has  the  same  hemolytic  action  as  that  of  the 
saponins. 

The  present  paper  deals  with  the  action  of  a  specific  hemolytic  agent,  sapo- 
toxin,  on  the  resistance  of  normal  washed  and  unwashed  red  blood  cells.  This 
work  was  carried  on  preparatory  to  a  study  of  the  resistance  of  the  red 
bluod  cells  in  various  diseases.  The  results  of  our  studies  on  the  resistance 
of  the  erythrocytes  in  disease  and  the  relation  of  red  cell  resistance  to  blood 
chemistry,  especially  to  cholesterol,  will  appear  in  later  communications.  Dur- 
ing the  course  of  this  study  over  two  thousand  experiments  were  performed. 


iTerck's  preparation  of  sapotoxin  was  used  throughout  the  series  of 
experiments.  The  term  sapotoxin  is  employed  to  designate  the  more  poison- 
ous glucosides,  the  term  saponin  being  restricted  to  include  less  active  ones 
and  certain  innocuous  isomers  of  sapotoxin  which  are  formed  from  them  by 
boiling  with  alkalies.  Sapotoxin  is  a  light  cream-colored  amorphous  powder 
that  goes  into  solution  readily ;  possesses  a  sweetish,  aromatic  odor,  and  froths 
excessively  upon  agitation  when  in  solution. 

In  order  to  maintain  an  isotonic  solution  in  which  to  study  the  resisting 
power  of  the  red  cells,  all  sapotoxin  dilutions  were  made  up  in  0.9  per  cent 
salt  solution.  A  sapotoxin  dilution  of  1:1,000  was  used  as  a  standard  or 
stock  solution  from  which  consecutive  dilutions  of  from  1 :7,000  to  1 :40,000 
were  made  in  quantities  desired.  The  solutions  were  then  sterilized  and  kept 
(111  ice  while  not  in  use.  Xew  solutions  were  prepared  and  checked  each 
week.* 

The  technic  for  determining  the  resistance  of  the  erythrocytes  to  sapo- 
toxin solutions  was  as  follows:  A  series  of  from  4  to  6  small,  clean  test  tubes 
were  labeled  and  placed  in  a  water  bath  especially  prepared  for  the  work. 
Fig.  1.  The  temperature  about  the  tubes  was  maintained  between  241/2  and 
25=  C.  One  cubic  centimeter  of  the  desired  solutions  was  delivered  into 
each  of  the  tubes.  An  extra  tube  of  a  1:13,000  dilution  was  used  to  determine 
the  time  necessary  for  complete  hemolysis  upon  standing  at  a  constant  tem- 
perature. The  patient's  finger  was  then  prepared  and  punctured  for  free  flow 
of  blood.  By  means  of  a  capillary  pipette.  Fig.  1,  20  c.  mm.  of  blood  was 
drawn  and  delivered  into  each  of  the  test  tubes  and  mixed  bj'  gentle  shaking, 
the  time  being  noted  in  each  case.     Mechanical  injury  to  the  cells  was  re- 


*Noguchi  has  shown  that  saponins  do  not  deteriorate  quickly.     However,  solutions  of  sapotoxin  are 
prone  to  develop  growths  unless  proper  precautions  are  made  to  keep  them  sterile. 
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duced  as  much  as  possible  as  IMcltzer  and  Welcli  have  shown  that  the  erythro- 
cytes have  varying  resistance  to  shaking,  and  that  the  effect  of  shaking  de- 
pends upon  the  rapidity  of  vibration/  Blood  was  also  obtained  for  a  red  cell 
count  and  a  percentage  hemoglobin  determination.  Having  obtained  the 
samples  they  were  removed  to  the  laboratory  and  each  tube  allowed  to  stand 
exactly  five  minutes  from  the  time  it  was  delivered  into  the  sapotoxin  solu- 
tion.    The  tubes  were  then  centrifugcd  fur  from  oO  to  45  seconds  under  high 
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Fig    1 Diagram  of  top  ami  sectional  views  of  test  tube  container  and  warmer  showing  the  relation 

of  the  double  water  jacket  and  test  tubes  in  position.  iMadc  of  sheet  copper  to  dimensions  indicated  on 
drawing.  Closed  outer  jacket  B  has  a  '4  inch  vent  H.  The  inner  portion  D  shows  holes  placed  for  tubes. 
A  false  bottom  C  with  pcrfor.-itions  corrcsponditig  to  those  of  the  lop  hut  %  inch  greater  in  diameter  main- 
tains the  tubes  in  a  vertical  position.  The  shadings  of  the  tubes  rejircsent  various  degrees  of  hemolysis  in  a 
given  sample  of  blood  at  the  end  of  five  minutes  plus  centrifugalization.  Hemolysis  is  shown  as  complete 
in  tube  1:11,000  strength  solution;  good  in  1:1J.OOO;  fair  in  liU.OOO;  trace  in  1:14,000;  absent  in  1:15,000. 
The  second  13  tube,  l:l.i.()lin  solution,  shows  comiilete  hemolysis  of  red  cells  on  standing  at  constant 
temperature.  The  solid  bhick  in  the  bottom  of  the  tubes  indicates  the  lelative  amounts  of  unbroken  cells 
thrown   down  after  centrifugalization. 

To  the  right  of  the  picture  is  shown  a  modified  Sahli's  hemoglobinomcler  pipette.  The  portion 
marked  "X"  is  a  piece  of  glass  tubing  filled  with  cotton  wool.  This  simple  modification  insures  evenness 
of  drawing  and  prevents  blood  from  entering  the  mouth. 
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speed.  An  electrical  centrifnoe  was  chosen  Ijeeanse  of  the  rapidity  with  M-hich 
tlie  unbroken  cells  could  be  tlirmvn  out  of  solution.  The  ordinary  water 
centrifuge  is  entirely  undesirable  because  of  the  small  number  of  revolutions 
possible  per  minute ;  its  slowness  adds  to  the  length  of  time  the  red  cells 
are  exposed  to  the  action  of  the  hemolytic  solution. '  After  centrifugalization 
the  tubes  were  compared  with  each  other  against  white  light  in  order  to  de- 
termine the  amount  of  hemolysis  secured  in  each  strength  of  solution.  In 
making  readings  the  following  standard  was  adopted:  Hemolysis  was  con- 
sidered complete  when  no  deposit  of  red  cells  followed  precipitation  with 
the  centrifuge,  the  solution  possessing  a  transparent  red  color.  A  solution 
showing  a  deposit  of  red  cells  and  possessing  a  tinge  of  transparent  red 
was  considered  as  a  minimal  reaction  of  the  red  cells  to  the  solution  of  sapo- 
toxin  to  which  they  had  been  exposed.  Inasmuch  as  whole  blood  was  used, 
it  was  necessary  to  adopt  a  minimal  red  color  as  the  point  of  minimal  hemoly- 
sis, because  of  the  straw  color  normally  given  by  the  presence  of  serum.  De- 
grees of  hemolysis  between  the  minimal  and  maximal  were  read  as  good  or 
fair  depending  upon  the  degree  of  hemoh'sis  obtained.  In  cases  where  hemol- 
ysis was  considered  fair  in  one  tube  and  laking  failed  to  take  place  in  the 
tube  next  higher  in  dihition,  it  was  considered  that  the  minimum  point  lay 
half  way  between  the  two  dilutions.  For  instance,  if  tube  1 :1.3,000  gave  a 
reading  of  fair  and  the  next  higher  dilution  1:14,000  failed  to  show  any  de- 
gree of  laking  the  minimum  point  was  considered  to  be  a  solution  whose 
strength  would  be  1:13,500. 

No  difficulty  was  experienced  because  of  clotting  of  the  whole  blood  when 
placed  in  the  testing  tubes.  The  dilution  of  20  c.  mm.  of  blood  as  drawn  from 
the  wound  in  1  c.c.  of  sapotoxin  solution,  and  the  short  period  of  exposure,  5 
minutes,  to  the  hemolytic  agent,  evidently  Avas  enough  to  allay  clotting. 
HoM-ever,  in  certain  cases  of  pronounced  jaundice  there  -was  a  tendency  to- 
wards clotting,  especially  in  the  1:13,000  solution  iised  to  determine  complete 
hemolysis.  The  same  blood  was  found  to  give  constant  results  when  a  con- 
stant relationship  was  maintained  between  the  quantity  of  blood,  solution. 
time,  and  temperatin-e. 

EXPERIMENTAL  RESULTS 

The  normal  red  blood  cells  in  99  cases  was  found  to  show  an  average 
maximal  resistance  of  1:13,769.  The  greatest  resistance  shown  in  the  series 
was  1 :13,500 ;  the  least  1 :14,750.  The  range  of  variation  was,  therefore,  1,250 
points.  In  checking  new  solutions  86  normal  determinations  were  made  upon 
H.  W.  The  average  maximum  resistance  of  this  series  was  1:14,130;  the  great- 
est resistance  1:13,500;  the  least  1:14,500;  the  greatest  variation  1,000  points. 
The  average  maximum  resistance  of  the  red  blood  cells  for  the  entire  number 
of  normal  readings,  185  cases,  was  1:13,937.  The  average  time  for  complete 
hemoh'sis  to  occur  in  a  1:13,000  sapotoxin  solution  was  10.7  minutes.  The 
greatest  length  was  found  to  be  18.5  minutes;  the  shortest  6.0  minutes  (Table 
I).  It  is  a  difficult  matter  to  determine  the  exact  moment  of  complete  laking 
or  the  moment  of  red  cell  destruction  at  any  period  without  centrifuging  the 
specimen,  hence,  the  rather  wide  variations  in  the  time  concluded  to  repre- 
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sent  the  end  reaction  of  hemolysis  in  the  1:13,000  solution.  A  1:13,000  sapo- 
toxin  solution  was  chosen  rather  arbitrarily  and  early  in  the  work  because 
in  most  instances  this  strength  solution  failed  to  cause  hemolysis  in  less  than 
5  to  7  minutes  in  normal  samples  of  blood.  This  solution  was  therefore  found 
convenient  because  it  allowed  time  for  making  and  completing  the  other  read- 
ings. This  time  method,  while  inaccurate  in  itself,  acted  as  a  check  upon  the 
strength  and  activity  of  the  other  solutions. 

For  comparative  purposes  a  series  of  experiments  were  made  upon  the 
resistance  of  washed  red  cells  to  sapotoxin  solutions.  This  was  deemed  feasible 
inasmuch  as  the  majority  of  present  Avork  upon  blood  is  done  upon  washed 
cells  suspended  in  some  form  of  isotonic  solution. 

Samples  of  blood  were  drawn  from  the  arm  veins  under  aseptic  precautions 
as  in  obtaining  blood  for  the  Wassermann  reaction.  From  15  to  20  e.c.  of 
blood  was  usually  obtained  for  the  determinations  and  allowed  to  clot  in  the 
ice  chest  for  24  hours.     It  was  found  that  a  more  compact  clot  formed  and 


Fig.  2. — Air  pump  pipette  used  to  withdraw  serum  from  tubes  containing  coagulated  blood.  A. 
Connection  with  air  iiump.  B.  Large  bowl  connected  with  receivinE  tube  H  through  tube  D.  C.  Receiving 
tube.     Reduction  of  air  pressure  in  B  and  li  permits  fluid  to  flow  through  C  into  test  tube  E. 

This  pipette,  designed  by  ITomer  Wheelon,  was  found  to  be  of  special  value  in  the  handling  of 
serums  and  small  amounts  of  solutions. 


relatively  more  serum  extruded  if  the  surface  of  the  forming  clot  was  freed 
from  the  edges  of  the  tul)e.  After  24  hours'  standing  the  serum  was  removed 
from  the  clot  by  means  of  a  specially  prepared  suction  chamber  pipette,  Fig. 
2.  The  clot  was  then  broken  up  in  saline  solution  and  filtered  tlirough  cotton; 
the  cells  greatly  diluted  with  normal  saline  solution  and  centrifuged.  Wash- 
ings were  continued  vintil  the  supernatant  fluid  was  free  of  any  coloring 
matter.  Usually  3  or  4  washings  were  .sufficient  to  remove  all  serum  and 
laked  material.  It  was  found  tliat  a  1:1  dilution  of  the  free  cells  with  0.9  per 
cent  saline  solution  gave  practically  a  normal  red  cell  count,  hence  sucli  a  di- 
lution ruled  out  mass  action  that  otherwise  might  have  occurred. 

In  12  samples  of  normal  blood  the  average  maximum  resistance  was  found 
to  occur  in  a  1:37,375  dilution  of  sapotoxin.  In  21  samples  of  leutic  blood  the 
average  resistance  of  the  washed  red  cells  was  found  to  be  3,982  points  lower 
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than  normal,  that  is.  laking  of  cells  occurred  in  a  solution  of  1 :41,357  strength. 
In  pregnancy  the  average  resistance  of  5  cases  was  1 :37,100,  and  in  4  cases  of 
jaundice  36,750.  The  resistance  of  185  cases  of  normal  whole  blood  (Tables 
I  and  11)  was  13,936.     In  34  samples  of  syphilitic  blood  the  resistance  Avas 


Table  I 

Resistance  of  Normal  Whole  Blood  to  Sapotoxix  Solutions 

Showing  the  average  resistance  of  the  red  cells  in  whole  blood  to  sapotoxiu  solutions, 
based  upon  99  determinations  made  on  normal  individuals  and  8fi  controls  made  on  H.  W. 
Maximum  and  minimum  resistances  and  maximum  differences  are  shown.  (Hem),  strength  of 
sapotoxin  solution  required  to  give  a  minimal  hemolysis  reading  5  minutes.  (1:13),  time  re- 
quired to  bring  about  complete  hemolysis  in  a  sapotoxin  dilution  of  1:13,000.  (Hb), 
hemoglobin  percentage. 


NORMAL   SUBJECTS. 

A. 

CONTROLS    ON   H.    W.      B. 

NO. 

HEM 

1:13 

HB 

NO. 

HEM 

HB 

MAXratUM   RESISTANCE 

13,500 
14,750 

18.5 

95 

13,500 

95 

MINIMITM  RESISTANCE 

6.0 

85 

14,500 
1,000 

90 

MAXIMUM  DIFFERENCE 

1,250 

12.5 

10 

5 

AVERAGE 

99 

13,769 

^roT7 

90.6 

86 

14,130 

93 

Average  of  A  +  B  =  1 :13,937  =  Normal  resistance. 


T.A.BLE  II 

Resistance  op  Washed  and  Unavashed  Red  Cells  to  Sapotoxin  Solutions 
Showing  the  degree  of  difference  in  resistance  of  red  blood  cells  when  freed  from, 
and  when  in  contact  with,  the  normal  fluids  of  the  whole  blood,  in  normal,  jaundiced,  syphi- 
litic, tuberculous  and  pregnant  individuals.  (No),  number  of  experiments.  (Hem),  strength 
of  sapotoxin  solution  required  to  bring  about  a  minimal  laking  of  red  cells  within  5  minutes. 
(1:13),  time  required,  in  minutes,  to  bring  about  complete  hemolysis  in  a  sapotoxin  dilution 
1:13,000.     (Hb),  hemoglobin  percentage. 


washed  corpuscles 

unwashed   CORPUSCLES 

WASHED    CELLS 
PLUS    SERUM 

NO. 

21 

hem 

COUNT 

HB 

~8T' 

87 

85 
~"87~ 

86 
^85~ 

NO. 

HEII 

1:13 
11.7 

HB 

NO. 

HEM 

S.yphilis* 

41,357 
37,100 

5,086,190 
5,280,000 

34 
~35~ 
31 
24~ 
185 

14,699 

85 

4 
3 

16,437 

Pregnancy 

5 

11,271 

16.8 

89 

12,050 

Jaundice 

4 

36,750 
35,000 

5,300,000 
5,346,000 

12,685 

55.0 

79.1 

4 
3 

10 

24 

12,564 

T.  B.  C. 

3 

12 

12,375 

13.1 
10.7 

81.6 
90.6 

13,025 

Normal 

37,375 
38,900 

5,100,000 
5,147,775 

13,937 

14,050 

Average 

45 

309 

13,472 

16.0 

85.1 

13,625 

Difference  -  25,428 

-i-  25,428 

14,669 ;  in  35  cases  of  pregnanc.v  11,271,  and  in  31  cases  of  jaundice  12,685. 
Therefore,  there  is  an  average  difference  of  25,428  points  in  the  resisting  power 
of  the  red  cells  to  sapotoxin  solutions  between  the  washed  and  the  unwashed 
cells.  Washing  decreases  the  resisting  power  of  the  red  cells  in  syphilis  bj^ 
26,658  points ;  in  pregnancy  by  25,829 ;  in  jaundice  by  24,065 ;  in  tuberculosis 
by  22,625,  and  in  the  normal  by  23,438  points.  Therefore,  the  serum  normally 
about  the  red  blood  cells  acts  as  a  direct  antihemolytie  agent  against  sapo- 
toxin. This  protective  action  of  the  serum  can  also  be  shown  by  determin- 
ing the  resistance  of  washed  cells  which  have  been  diluted  with  their  own 
serum.    As  shown  in  Table  II,  the  resistance  of  whole  blood  in  34  sj-philitie 
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subjects  was  1:14,699 ;  in  washed  corpuscles  1 :41,357.  A  1:1  dilution  of  washed 
cells  and  serum  in  4  eases  gave  on  the  average  a  resistance  of  1:16,437,  a  re- 
sistance 1,738  points  lower  than  whole  blood  and  24,914  points  lower  than 
washed  cells.     Figures  are  also  given  for  similar  determinations  upon  blood 


I-ig.    3.— Curvis    siK.wing    rclalioji    of    cholcMcrul    and    l.luod    serum    to    nil    ti-!l    ri-sistancc.      t 
No.   890,  jauniiicfd;   cholcsltrol    106.     292.     Case   No.   891.   obstructive-  jaundice;   cholesterol,  292. 
Curve  for  whole  blood,  washed  cells  and  washed  cells  diluted   1:1   with  their  own  serum. 
Note  the  efiFect  of  chanRing  the  serum  relations  about  the  cells  of  the  two  cases. 
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from  jaundiced  individuals.  The  relation  of  the  red  blood  cells  to  whole 
blood,  isotonic  solutions  and  serum  is  shown  graphically  in  Fig.  3. 

^Vashed  corpuscles  are  less  resistant  to  the  action  of  bichloride  of  mer- 
cury than  unwashed  cells.  Butler-  noted  that  the  washing  of  red  blood 
cells  with  a  0.9  per  cent  salt  solution  caused  a  distinct  lowering  of  the  resistance 
of  the  red  cells,  on  the  other  hand,  the  washing  of  cells  in  a  4  per  cent  glucose 
solution  did  not  cause  a  reduction  in  cell  resistance.  Such  results  lead  to  the 
conclusion  that  the  decreased  resistance  resulting  because  of  washing  cells 
is  due  to  the  removal  of  the  protecting  material  of  the  sentm  and  to  a  dis- 
turbance of  the  osmotic  conditions.  Our  results  are  in  agreement  with  such 
statements. 

Inasmuch  as  temperature  affects  chemical  action,  we  chose  25-  C.  l)ecause 
of  the  convenience  at  which  such  a  temperature  could  be  maintained  under 
varying  conditions.  Noguchi^  noted  that  temperature  changes  greatly  affected 
the  reaction  time  of  hemolytic  agents;  an  increase  in  temperature  decreases 
the  laking  time,  while  a  reduction  in  temperature  increases  the  time  required 
to  bring  aboitt  the  same  degree  of  hemolysis.  An  experiment  performed  to 
demonstrate  the  relation  of  temperature  changes  upon  the  power  of  sapotoxin 
to  bring  about  a  minimal  hemolysis  gave  the  following  results:  Kesistance 
readings  at  temperatures  15,  20,  25,  30,  35,  40  and  45  degrees  ceutegrade  were 
1:10,000—1 :13,250— 1:14,100— 1 :18,000— 1 :21,000— 1 :24.000— and  1 :26,000,  re- 
spectively. Hence,  an  increased  temperattire  decreases  the  strength  of  sapo- 
toxin required  to  lake  the  same  mass  of  red  blood  cells  (20  c.  mm.)  in  a  given 
time.  The  maximal  resistance  as  determined  in  a  1:13,000  sapotoxin  solution 
for  temperatures  from  15°  to  45°  C.  were  18,  14,  8,  5,  3,  2,  1.7,  and  1  minutes, 
respectively.  Hence,  an  increased  temperature  determines  a  more  rapid  rate  of 
destruction  of  the  red  cells  exposed  to  a  given  strength  of  solution. 

SUMMARY   AND    CONCLUSIONS 

I.  A  rapid  method  is  described  for  the  determination  of  the  degree  of  re- 
sistance of  the  red  blood  cells  to  a  specific  hemolytic  agent — sapotoxin.  The 
average  maximal  resistance  of  the  corpuscles  in  the  whole  blood  of  99  indi- 
viduals chosen  as  normals  was  a  1 :13,769  strength  sapotoxin  solution.  Eighty- 
six  determinations  on  H.  W.  over  the  course  of  the  experiments  averaged  a 
1:14,130  strength  solution.  The  average  of  all  normal  readings — 185 — was  a 
1:13,937  solution.  The  average  length  of  time  for  complete  hemolysis  to  occur 
in  a  1:13,000  solution  at  a  constant  temperature — 25°  C. — ^^vas  10.7  minutes. 
The  average  hemoglobin  as  determined  by  the  Tallquist  hemoglobinometer 
was  91  per  cent  for  all  cases.  Washed  corpuscles  from  12  normal  cases  sus- 
pended in  isotonic  salt  solution  were  found  to  show  a  minimal  degree  of  hemol- 
ysis in  a  1:37,375  sapotoxin  solution.  Findings  in  leutic,  pregnant,  and  jaun- 
diced cases  are  also  given.  Washed  corpuscles  diluted  1 :1  with  normal 
saline  solution  gave  practically  a  normal  count,  hence  mass  action  was  ruled 
out  because  of  this  dilution.  Also,  washed  corpviscles  diluted  1:1  with  their 
own  serum  demonstrate  practically  the  same  resistance  against  sapotoxin  as 
cells  present  in  whole  blood.  The  red  blood  cells  normally  show  a  remarkable 
degree  of  constancj'  in  their  resistance  to  a  specific  hemolytic  agent. 
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II.  Therefore,  it  may  be  concluded  that  the  presence  of  the  blood  fluid 
about  the  red  cells  acts  in  such  a  manner  as  to  resist  the  hemolytic  action 
of  sapotoxin. 
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LABORATORY  METHODS 


A  TEST  FOR   EARLY  RENAL  INSUFFICIENCY^ 

Preliminary  Paper 


By  Thomas  Byrd  ^L^gath.  iLD.,  Rochester.  Mixx. 


FOR  the  past  two  decades  mauy  attempts  have  been  made  to  study  the 
renal  function  of  patients  who  have  demonsti'able  primary  lesions  of  the 
kidneys,  or  lesions  that  affect  the  kidneys  secondarily.  As  the  result  of  all 
the  methods  known,  many  have  claimed  that  the  most  generally  A'aluable 
individual  test  is  the  estimate  of  a  single  sample  of  blood  urea.  Many  in- 
vestigators, however,  have  tried  to  find  some  test  that  would  demonstrate  an 
earlier  renal  involvement  than  that  which  can  be  shown  by  an  already  ele- 
vated blood  urea.  Thus  the  diagnostic  determination  of  blood  uric  acid  has 
been  developed  and  it  has  been  shown  quite  clearh-  that  there  may  be  an 
elevated  blood  uric  acid  in  renal  involvement  long  before  the  blood  urea  is 
above  normal,  because  the  kidneys  excrete  uric  acid  with  the  greatest  diffi- 
culty of  any  known  nonprotein  substance.  The  determination  of  uric  acid  is 
of  more  value  than  urea  in  the  early  diagnosis  of  nephritis. 

In  cases  in  which  the  blood  uric  acid  is  marginal;  that  is,  between  2.5  mg. 
and  3.5  mg.  for  each  100  c.c.  the  question  often  is  raised  of  whether  there  is 
any  significance  in  the  results.  It  was  thought  possible  to  answer  this  question 
and  at  the  same  time  demon.strate  earlier  lesions  than  could  be  shown  by  a  sin- 
gle blood  uric  acid  determination,  if  the  patient  were  tested  for  his  ability  to 
excrete  uric  acid.  Denis  showed  some  years  ago  that  patients  with  nephritis 
exhibit  an  accumulative  effect  of  uric  acid  in  the  blood  if  fed  on  high  purin 
diets,  while  normal  persons  have  no  change  in  the  blood  uric  acid  under  these 
conditions.  Upham  and  Higley  pointed  out  the  necessity  of  having  patients  on 
a  constant  purin  intake  in  order  to  stud.y  and  compare  blood  uric  acid  deter- 
minations. It  seemed  logical,  therefore,  if  a  patient  were  fed  uric  acid  and 
there  was  a  slight  lesion  of  the  kidneys  too  small  even  to  give  a  very  marked 
rise  of  blood  uric  acid  with  a  normal  diet,  that  it  might  be  possible  to  demon- 
strate an  early  inability  of  the  kidneys  to  excrete  uric  acid  and  thus  determine 
a  possible  prenephritic  condition.    The  test  Avas  carried  oiit  as  follows: 

The  patient  was  put  on  a  purin-free  diet  (milk)  for  three  days  and  the 
amount  of  uric  acid  excreted  in  the  urine  was  determined  for  the  third  twenty- 
four  hours.  The  method  of  Folin  and  Wu  was  used  throughout  this  work. 
Three-fourths  of  the  weight  of  the  patient  was  ascertained  and  calculated  for 
the  weight  of  body  fluids.  Enough  uric  acid  was  given  by  mouth  to  cause  a 
rise  in  the  blood  uric  acid  of  about  2.5  mg.  for  each  100  c.c.  if  the  patient  failed 
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to  excrete  auy  of  it.  This  usually  meaut  the  adniiuistratiou  of  about  2  gm.  of 
pure  uric  acid.  A  determination  was  then  made  of  the  uric  acid  in  the  blood. 
The  uric  acid  excreted  during  the  next  twenty-four  hours  was  determined;  at 
the  end  of  this  time  a  second  blood  uric  acid  determination  was  made  and 
compared  Avith  that  made  at  the  time  the  drug  was  administered.  It  is  e\d- 
dent,  therefore,  that  there  is  a  check  on  any  uric  acid  that  might  be  lost  by 
changes  in  the  rate  of  absorption  in  the  gastrointestinal  tract. 

Three  patients  were  tested  in  the  manner  described.  None  of  the  three 
presented  blood  or  urinary  findings  by  the  usual  methods  sufficient  to  war- 
rant the  diagnosis  of  renal  involvement,  yet  all  three  had  a  decided  hyper- 
tension with  practically  no  other  physical  findings.  In  one  case  the  patient 
excreted,  prior  to  the  administration  of  uric  acid,  0.4  gm.  in  twenty-four  hours. 
At  the  time  he  was  given  uric  acid,  the  blood  contained  2.5  mg.  for  each 
100  c.c.  At  the  end  of  the  next  twenty-four  hours  the  patient  had  excreted 
0.34  gm.  of  uric  acid,  and  the  blood  determination  showed  a  concentration  of 
5.8  mg.  for  each  100  c.c.  Since  the  other  two  cases  ran  parallel,  only  one  will 
be  cited.  The  patient  excreted  0.5  gm.  of  uric  acid  in  twenty-four  hours,  prior 
to  the  administration  of  the  drug  and  showed  a  blood  uric  acid  of  2.8  mg.  for 
each  100  c.c.  At  the  end  of  twenty-four  hours  the  blood  uric  acid  concen- 
tration had  not  changed  and  about  70  per  cent  of  the  uric  acid  was  recovered 
in  the  urine.  The  first  case  was  interpreted  as  a  prenephritic  condition.  The 
other  two  must,  for  the  present,  be  considered  as  essential  hypertensions  with- 
out renal  involvement. 

The  uric  acid  used  for  these  tests  was  prepared  from  human  urine  by  the 
usual  method.  Several  other  cases  were  tested  as  here  outlined ;  a  commercial 
product  of  uric  acid  was  used.  There  was  neither  rise  in  the  uric  acid  of  the 
blood  nor  of  the  urine,  indicating  that  the  failure  might  be  due  to  the  fact  that 
the  uric  acid  was  probaljly  not  absorlied  in  the  gastrointestinal  tract,  at  least 
not  as  uric  acid.  This  result  is  in  keeping  A\'ith  observations  made  by  investi- 
gators in  the  past. 

Caffeine  citrate  was  used  in  other  eases,  ami  lien'  I  was  al)le  to  obtain 
calculated  rises  in  the  blood  or  urine  according  to  wliether  the  individual  was 
normal  or  nephritic.  From  this  it  \vould  seem  that  caffeine  is  excreted  as  uric 
acid  or  piles  up  as  uric  acid  in  the  blood  in  eases  of  nephritis  or  else  some  other 
substance  is  formed  that  gives  a  blue  color  bv  the  Foliu  and  Wu  method.  The 
dose  used  M-as  about  1  gm.  of  caffeine  citrate  in  capsules  at  three  one-hour 
intervals  just  jiiicif  to  Die  ingestion  of  a  meal. 

The  method  liy  wliich  caffeine  is  excreted  is  still  a  question  of  controversy. 
Sollman  asserts  tlial  il  is  completely  and  icailily  absorbed,  that  very  little  is 
excreted  as  su<-li.  and  lliat  from  10  1o  40  ju'r  cent  of  tlie  substance  loses  its 
methyl  grou])s  ami  is  cxci'eted  as  diinetliylxaiitliiii  nr  nionomethylxauthin; 
up  to  80  per  cent  is  excreted  as  ui'ra,  iiractically  none  as  uric  acid.  Cushney 
asserts  that  the  uric  acid  of  Ihc  ui-inc  is  not  increased  by  the  ingestion  of 
caffeine.  On  tlic  olln'r  luind  Ci-i'cne  believes  1liat  caffeine  is  demethylated  in 
the  body  and  I'drnis  xantliin  wliicli  is  excreted  in  the  manner  in  which  any 
animal  xantliin  is  exci'ctcd,  namely  as  ni'ic  acid.  Seliittenhelm  found  that 
feeding  caffeine  increases  the  amount  of  uric  ai'id  in  the  nrine.     Tavlor  con- 
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eluded  that  coffee  added  to  the  diet  increases  the  output  of  uric  acid  quite 
markedly,  and  explained  it  on  the  basis  of  the  caffeine  in  the  coffee.  Benedict 
repeated,  to  some  extent,  the  work  of  Taylor  and  concluded  that  caflfeine  at 
least  when  ins:ested  as  coffee  increased  the  output  of  uric  acid  in  the  urine. 

This  caffeine  test  has  been  used  in  a  number  of  cases  Avhich  were  studied 
clinically  and  diagnosed  in  relation  to  the  condition  of  the  kidney.  The  cases 
were  divided  into  three  groups,  those  without  lesions  of  the  kidney,  those  Avith 
questionable  lesions  from  a  clinical  study,  and  those  with  definite  lesions 
clinically.  The  results  are  shown  in  Tables  I,  II,  and  III.  It  may  be  seen  that 
in  general  the  caffeine  test  checked  very  nicely  the  clinical  findings.  Three 
patients  (Table  I)  are  marked  exceptions  to  this  statement.  All  were  on  in- 
tensive autisyphilitic  treatment  and  it  is  possible  that  they  had  very  slight 
kidney  lesions,  which  must  be  quite  common  with  intensive  treatment  with 
mercury  and  arsenic,  but  cannot  be  detected  clinically.  One  other  exception 
to  the  clinical  findings  is  seen  in  Table  III.  A  man  Avith  a  left  pyelonephritis 
had  a  free  output  of  uric  acid,  w-hich  may  be  explained  on  the  basis  of  a  com- 
petent right  kidney.  A  case  diagnosed  mild  nephritis  with  some  question  of 
gout  showed  practically  no  increase  in  the  output  of  m-ic  acid,  but  rather  a 
little  diminution  in  the  second  blood  specimen  taken.  This  finding  is  interest- 
ing in  view  of  the  fact  that  uric  acid  is  believed  by  some  observers  to  be  retained 
in  the  tissues  in  cases  of  gout. 

Eecently  McLean  and  Wesselow  have  used  a  urea  concentration  test 
shoAving  that  eai'lier  renal  inA'olvements  may  be  demonstrated  than  by  a  sim- 
ple blood  urea  estimation.  The  test  consists,  briefly,  in  feeding  the  patient 
15  gm.  of  urea  and  determining  the  amount  excreted  in  the  urine  in  two  hours' 
time.  It  remains  to  be  seen  whether  this  test  furnishes  more  information  than  a 
single  uric  acid  determination,  and  certainly  from  a  theoretical  standpoint  it 
could  not  show  as  early  a  renal  invoh'ement  as  the  proposed  uric  acid  concentra- 
tion te.st  outlined  in  this  paper.  These  tests  were  performed  many  months  before 
the  publication  of  the  Avork  of  ^McLean  and  WesseloAV,  in  an  attempt  to  dem- 
onstrate the  role  of  renal  insviffieiency  in  essential  or  idiopathic  hypertension. 
The  pressure  of  other  iuA-estigations,  hoAvever.  lias  made  it  impossible  to 
carry  on  the  work  at  the  present  time  and  this  note  is  published  in  the  hope 
that  others  interested  in  such  cases  Avill  give  the  test  a  trial  and  Avill  perhaps 
obtain  a  series  that  may  be  compared  Avith  other  renal  functional  tests. 
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EDITORIALS 


Syphilology  and  Clinical  Synthesis 

OSLER  said,  once  upon  a  time,  tliat  Jonathan  Hutchiusou  was  tlie  greatest 
generalized  specialist  or  specialized  generalist  in  medicine  because  he 
knew  syphilis  in  all  of  its  ramifications.  He  also  said,  by  way  of  corollary, 
that  if  a  man  knows  syphilis  he  knows  medicine. 

Syphilis  is  one  of  the  few  diseases  in  which  interest  never  fails  and  about 
which  a  special  literature  grows  at  a  rather  even  rate.  The  curve  of  interest 
in  the  Great  Pox  does  not  seem  to  have  a  form  resembling  that  of  the  old 
Baltimore  and  Ohio  Railroad — or  the  Erie ;  it  is  not  a  malarious  curve.  Other 
infectious  diseases  have  their  ups  and  downs.  Syphilis  follows  a  straight  line. 
The  general  and  uniform  interest  in  the  disease  is  reilected  in  the  fact  that  the 
Wassermann  reaction  has  become  a  matter  of  routine  in  clinical  studies. 

But  while  the  laboratory  test  is  an  aid  to  the  physician,  its  introduction 
and  widespread  use  has  perhaps  overemphasized  the  mere  laboratory  side  of 
diagnosis  to  the  extent  that  many  men  trust  rather  to  it  than  to  their  observa- 
tional skill  in  studying  cases  of  syphilis  or  of  cases  in  which  syphilis  is  a 
possible  factor.  There  is  a  tendency  to  forget  that  the  Wassermann  reaction 
like  any  other  laboratory  test  is  a  thing  which  adds  something  to  a  clinical 
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history,  and  that  it  is  the  entire  clinical  history  upon  which  a  diagnosis  rests. 
Not  only  diagnosis  but  prognosis  is  prone  to  suffer  from  the  general  clinical 
disregard  which  follows  too  complete  dependence  on  the  laboratory.  So  as 
Stokes  and  Busmann  say,  reversal  of  the  Wassermann  reaction  while  desirable 
should  not  be  the  primary  aim  of  the  therapy.  Symptomatic  response  with 
arrest  of  the  process,  and  the  giving  of  as  much  treatment  as  tolerance  per- 
mits are  the  chief  considerations. 

Stokes  has  evidently  been  through  the  so-c-alled  laboratory  stage  for  he 
has  emerged  from  that  "monastic  phase  in  resjionse  to  a  new  appreciation  of 
the  enduring  worth  and  ultimacy  of  clinical  research."  The  laboratory  has 
become  his  assistant,  rather  than  his  master.  The  critical  problem  of  the  next 
half  century  of  syphilology,  he  says,  is  not  so  much  the  extension  of  laboratory 
knowledge  now  so  highly  developed,  as  the  application  of  the  knowledge  al- 
ready' existent,  to  the  clinical  problems  of  the  disease.  No  reasonable  man 
would  seek  to  minimize  the  worth  of  the  laboratory  contribution.  But  a 
decade  of  transformations  has  been  superimposed  ou  the  clinical  syphilology 
of  Fournier,  Hutchinson  and  Morrow  as  two  fluids  of  different  densities  may 
be  superimposed  the  one  upon  the  other  in  a  test  tube.  What  is  needed  now  is 
a  mixture,  a  solution.     The  day  of  the  pousse  cafe  is  past. 

Stokes'  experience  has  taught  him  that  syphilis  is  no  longer  a  problem 
of  the  dermatosyphilographer  alone,  and  that  the  day  of  the  syphilographer 
who  can  combine  in  his  sole  personality  both  the  technical  attainments  and 
the  wealth  of  general  and  detail  knowledge  tliat  make  liim  master  of  the  dis- 
ease, is  past.    He  verifies  Osier. 

He  has  made  a  list  of  the  examinations  on  which,  at  one  time  or  another, 
his  department  relies  for  a  diagnosis  or  information  on  the  status  of  a  syph- 
ilitic infection,  and  a  glance  at  this  list  will  show  how  illusory  is  the  hope  that 
syphilis  will  ever  yield  to  a  single  diagnostic  key.  The  rapid  modification  of 
clinical  knowledge  imder  the  pressure  of  new  technical  diagnostic  and  thera- 
peutic methods  has  induced  a  peculiar  state  of  disorganization  in  the  syphil- 
ologie  realm.  Tni(>  syphilology  is,  for  the  time  licing,  lost  in  the  mazes  of  an 
analytic  era  and  the  syphilologie  worksho])  is  crowded  witli  jiersonalities  each 
so  intent  on  the  part  which  he  contril)utes  that  he  can  give  no  thought  to  the 
whole.  The  syphilologist  of  the  future  is  as  yet  in  a  jihase  of  mental  disso- 
ciation suggesting  the  unfortunate  ciMulitiim  of  the  ]Miss  Beauchamp  of  ^for- 
ton  Prince's  study.     Synthetic  studies  are  needed. 

In  the  jiresent  stati'  of  affairs,  Avith  the  trend  of  nn'ilieine  nnn-e  and  more 
to  specialism,  gr()U])s  have  grown  up  and  the  group  system  enlarges  itself 
just  because  synthetic  studies  are  so  obviously  needed.  But  as  yet  the  .system 
is  very  imperfect  except  in  a  few  instanei^s.  When  the  system  is  perfected 
every  doubtful  case,  whilhci-  of  syphilis  or  what-not,  will  be  the  subject  not 
not  ()iil\-  (if  sjKiradic  cliiiicMl  iidtrs  fi'oni  each  division  of  the  gmui),  Init  of  a 
round  talih'  (Minfcri'iicc  at  which  with  the  clinicians  the  laboratory  man  will 
have  a  seat.  TInni  llic  |)rcviiius  analyses  can  be  studied  and  synthetically  es- 
timated. In  such  ( fcrcnces  each  specialist  can  get  and  will  get  a  bird's- 
eye  view  of  a  subject  matter  and  of  methods  that  are  largely  foreign  to  him. 
and  a  clinical  perspective  will  gradually  develop.     There  will  be  less  flatness 
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in  office  and  lalioratory  Avnrk  and  clinical  stereoscopy  will  be  developed.  The 
laboratory  will  no  longer  be  a  monastery  from  which  edicts  are  issued,  but 
will  become  a  cooperative  part  of  the  group  from  which  will  come  opinions 
and  sugaestions  which  will  be  discussed  and  evaluated  by  all  the  members. 
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The  Spread  of  Bacterial  Infection 

TC»PLEY'  has  made  an  interesting  experimental  study  of  an  epidemic  among 
mice.  A  certain  number  of  these  animals  were  fed  cultures  of  B.  Gaertuer 
and  from  time  to  time  healthy  mice  were  added  to  the  infected  community. 
Effort  was  made  to  be  sure  that  the  additions  were  in  health.  They  were 
taken  from  batches  of  from  six  to  eighteen  which  had  been  kept  in  cages  for 
two  or  more  weeks  and  in  which  there  was  no  evidence,  either  by  disease  or 
death,  of  the  presence  of  an  infection.  These  healthy  mice  were  added  to  the 
infected  cage  from  time  to  time.  The  experiment  continued  through  three 
hundred  eighty-eight  days,  during  which  time  seven  hundred  eightj--two 
mice  were  added  and  seven  hundred  twenty-eight  deaths  occurred.  It  was 
found  that  the  percentage  of  deaths  increased  when  the  fresh  animals  were 
added  during  the  ascent  of  a  mortality  wave.  "When  fresh  animals  were 
added  while  the  mortality  Avas  on  the  increase  not  only  was  death  more  fre- 
quent among  the  additions,  but  also  increased  among  those  alread.v  in  the  cage 
and  which  had  survived  other  epidemic  waves.  The  author  says:  "In  the 
present  study  it  has  been  shown  that  if  normal  mice  are  added  from  day  to 
day  to  an  infected  population  they  will  all  eventually  succumb,  provided  that 
further  normal  mice  are  added  at  a  certain  rate.  The  period  of  survival  of 
any  given  batch  of  mice  will  vaiy  according  to  the  time  at  which  they  are 
introduced  to  the  cage.  If  their  entrance  coincides  with  the  early  part  of 
the  rise  of  an  epidemic  wave,  as  judged  by  a  mortality  curve,  their  survival 
will  be  short.  If  they  are  introduced  during  the  latter  part  of  the  decline  of 
such  a  wave  they  will  live,  on  the  average,  much  longer,  longer  indeed  than 
mice  subsequently  added  to  the  cage." 

By  frequent  addition  of  susceptible  material  to  an  infected  community, 
an  epidemic  may  apparently  be  prolonged  indefinitely.  If  this  be  applicable 
to  epidemics  among  human  beings,  it  is  quite  evident  that  quarantining  an  in- 
fected commimity  is  desirable  and  beneficial  not  only  for  protecting  those  out- 
side such  community,  but  with  the  object  of  limiting  the  deaths  within  the 
community  itself.  "We  are  of  the  opinion  that  we  observed  something  like  this 
in  our  cantonments  during  the  late  war.  It  was  certainly  evident  that  with 
each  additional  accession  of  fresh  material  to  an  infected  camp  the  number  of 
cases  and  the  number  of  deaths  increased  and  the  increase  involved  not  only 
those  who  came  into  the  camp,  but  those  who  were  originally  in  it. 
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Topley  states  his  concliisious  as  follo-\vs:  "(1)  If  susceptible  mice  be  con- 
tinuously added  to  an  infected  population  the  spread  of  infection  will  continue 
over  a  long  period  of  time.    There  is  no  evidence  that  this  period  has  a  limit. 

(2)  When  susceptible  mice  are  added  continuously  and  at  a  constant  rate  to 
an  infected  population,  the  spread  of  infection,  as  judged  by  a  mortality  curve, 
is  propagated  in  regular  recurring  waves.  These  waves  are  most  easily  ob- 
served by  noting  the  fluctuations  in  the  total  cage-population.  It  seems  prob- 
able that  the  period  of  these  fluctuations  will  be  found  to  depend  on  the  rate 
of  addition  of  susceptible  individuals,  but  this  point  has  still  to  be  determined. 

(3)  The  actual  deaths  may  occur  in  large  groups,  with  intervals  during  which 
deaths  are  few  and  far  between,  or  they  may  fall  in  a  succession  of  smaller 
groups,  increasing  and  diminishing  in  size  to  form  the  larger  waves.  In  all 
cases  there  is  this  tendency  for  the  occurrence  of  such  small  groups  of  deaths 
with  definite  maximal  points.  There  would  seem  to  be  two  fluctuating  proc- 
esses, the  one  superimposed  upon  the  other.  (4)  The  average  survival-time  of 
mice  added  to  the  cage,  and  their  chance  of  ultimate  survival  if  no  more  sus- 
ceptible mice  are  introduced,  vary  according  to  the  phase  at  which  they  are 
added.  If  they  gain  entrance  to  the  cage  during  the  rise  of  a  wave  they  are 
unlikely  to  live  for  long.  If  they  are  introduced  during  the  fall  of  a  wave 
their  chances  of  survival  are  greatly  increased,  and  they  will  usually  outlive 
mice  which  are  added  at  a  later  date  but  at  a  time  before  the  commencement 
of  the  next  wave.  (5)  The  rate  of  extinction  of  a  population,  among  which 
infection  is  actively  spreading,  will  be  far  less  rapid  if  they  are  kept  isolated, 
than  if  further  susceptible  individuals  continuously  gain  access  to  them.  A 
proportion  of  the  infected  i^opulation,  which  would  have  survived  indefinitely 
under  the  former  circumstances,  will  die  under  the  latter.  (6)  The  ultimate 
survivors  among  such  a  population  have  not  escaped  infection,  but  have  suc- 
cessfully resisted  it.  A  considerable  proportion  of  them  are  harboring  the 
causative  parasite  in  their  tissues." 

We  are  tempted  to  theorize  after  reading  the  above  mentioned  report,  but 
have  concluded  that  theory  had  better  be  omitted  until  more  experimental 
work  along  this  line  has  been  done.  Incidentally,  however,  we  cannot  help 
recalling  the  fact  that  we  would  not  have  known  of  yellow  fever  in  Cuba  had 
it  not  been  for  the  susceptible  accessions  that  were  constantly  coming  into  the 
Island.  — F.  C.  V. 


The  Journal  of 

Laboratory  and  Clinical 

Medicine 


Vol.  VI. 


St.  Louis,  June,  1921 


No.  9 


ORIGINAL  ARTICLES 


RELATION  OF   DIFFERENTIATION  AND  LYMPHOCYTIC 

INFILTRATION  TO  POSTOPERATIVE  LONGEVITY 

IN   GASTRIC  CARCINOMA* 


By  Wm.  Carpenter  MacCarty,  M.D.,  and  Arthur  E.  Mahle,  M.D., 
Rochester,  Minn. 


I\  1912  one  of  us  (ilaeCarty)**  published  an  article  reporting'  the  relation 
of  regional  lymphatic  glandular  involyement  to  postoperative  longevity  in 
gastric  carcinoma.  The  series  of  specimens  which  was  studied  consisted  of  200 
resected  portions  of  the  stomach.  The  location  and  relative  size  of  the  gastric 
lymphatic  glands  M'ere  indicated  on  diagrams  and  each  gland  was  examined 
microscopically  for  carcinoma.    The  sjjecimens  were  divided  int<]  three  groups. 


i.e..  Group  I,  specimens  with  no  glandular  involvement:  Group  II.  specimens 

with  some  glandular  involvement;  and  Group  III,  specimens  with  all  of  the 

glands  involved  (Figs.  1,  2,  3). 

The  investigation  of  that  series  revealed  the  following  facts: 

1.  Carcinomatous  ulcers  in  the  stomach  varied  from  1  centimeter  to  14 

centimeters  in  diameter  and  from  1  centimeter  to  5  centimeters  in  depth. 


American    Association    for    Cance 
Carpenter,  and   Blackford,  J.   M. 
of  the  Stomach.  Ann.    Surg.,  June,   I91_'. 
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2.  The  average  ages  in  relation  to  glandular  involvement  at  operation 
were :    Group  I,  50.8  years ;  Group  II,  51.7  years ;  Group  III,  46  years. 

3.  The  duration  of  "dyspepsia"  in  the  three  grouiDS,  respectively,  was 
8.5  years,  8+years,  and  8+  years. 

4.  The  average  duration  of  symptoms  was  17.2  months,  12.5  months  and 
17.4  months. 

5.  The  average  loss  of  weight  was  25  pounds,  28.4  pounds  and  42.5  pounds. 

6.  The  hospital  mortality  Avas  7.6  per  cent,  11.6  per  cent,  and  18.7  per 
cent. 

7.  The  size  of  regional  lymphatic  glands  in  gastric  carcinoma  bore  no  ap- 
parent relation  to  the  size  of  the  primary  lesion   in  the  stomach. 

8.  The  size  of  a  regional  lymphatic  gland  was  no  criterion  of  the  presence 
or  absence   of  carcinoma. 

9.  Gross  diagnosis  of  the  presence  or  absence  of  carcinoma  in  lymphatic 
glands  was  of  no  value  excepting  in  advanced  carcinoma  of  the  glands. 

10.  The  duration  of  clinical  symptoms  bore  no  apparent  relation  to  the 
size,  and  extent  of  involvement  in  lymphatic  glands. 

11.  The  average  age  and  sex,  at  operation,  bore  no  direct  relation  to  the 
glandular  involvement. 

12.  The  average  loss  of  weight  increased  with  the  increase  in  amount 
of  glandular  involvement. 

13.  The  immediate  hospital  postoperative  mortality  was  in  direct  propor- 
tion to  the  amount  of  glandular  involvement. 

14.  The  subsequent,  or  posthospital,  mortality  was  in  direct  proportion  to 
the  iimount  of  glandular  involvement. 

15.  Average  age  of  patients 
Youngest 
Oldest 

16.  Average  length  of  life  of  the  whole  series  in 

different  decades  29-40         40-50         .50-60         60-72 

2.7  yrs.     2.5  yrs.     2.3  yrs.     3  +  yrs. 

At  the  expiration  of  eight  years  after  the  first  investigation,  \ve  were  able 
to  determine  all  of  the  facts  relative  to  the  longevity  in  association  with  per- 
fect specimens  for  study  in  99  cases*  out  of  the  original  200  cases. 

The  following  facts  were  recorded  upon  the  99  cases  of  the  ju'cseiit  inves- 
tigation: 

1.  Cases  with  no  glandular  involvement  have  a  much  greater  average 
length  of  postoperative  life. 

2.  No  cases  with  glandular  involvement  lived  over  8  years. 

3.  Six  per  cent  of  cases  without  glandular  involvement  lived  over  10 
years.  Two  per  cent  without  glandular  involvement  lived  11  years  or  over. 
One  per  cent  without  glandular  involvement  lived  13  years  after  operation. 

4.  No  case  between  29  and  60  years  of  age  lived  over  10  years.  Nine  per 
cent  of  cases  between  60  and  72  years  of  age  lived  over  10  years.     Four  and 


GROUP  I 

GROUP  11 

GROUP  III 

51.3  yrs. 

49.7  yrs. 

45.8  yrs. 

30   " 

29   " 

30   " 

72   " 

68   " 

60   " 

•Many   of  the  specimens  of  the   oriRinal    series   of   200  had   been    so   nuitilatt-il    (Iiumik   other    studies 
that  they  were  not  in   the  best  condition   for   this  investigation. 
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seven  tenths  per  cent  of  cases  between  60  and  72  years  of  age  lived  over  12 
years. 

5.  The  average  age  of  cases  with  complete  glandular  involvement  is  5 
years  younger  than  those  cases  without  glandular  involvement. 

6.  The  average  age  of  the  youngest  cases  is  the  same  regardless  of  glan- 
dular involvement. 

7.  The  eldest  case  with  glandular  involvement  is  5  years  younger  than 
the  eldest  without  glandular  involvement. 

8.  The  average  length  of  postoperative  life  is  greater  between  29  and  40 
years  of  age  and  60  and  72  years  of  age. 

In  spite  of  the  fact  that  the  length  of  po-stoperative  life  was  in  inverse 
relation  to  the  degree  of  glandular  involvement,  there  was  a  sufficient  num- 
ber of  exceptions  to  demand  further  investigation.     One  case  lived  over  five 


0     Differentiation 


1     Differentiation 


2     Differentiation 


3°   Differentiation 


Fig.  A. — Degrees  of  cellular  differentiation  based  on  the  stages  of  differentiation  of  specific  tissues 
during  embryologic  development.  In  the  stage  without  differentiation  the  cells  are  merely  arranged  in 
masses.  In  the  first  degree  of  differentiation  the  cells  assume  the  general  alignment  of  the  adult  tissue 
but  without  arrangement  of  the  axes  of  the  cells  as  in  the  adult  tissue  cells.  In  the  second  degree  of 
differentiation  the  a.xes  are  parallel  or  form  radii  of  a  sphere  or  circles.  In  the  third  degree  the  cells  assume 
the  adult  morphology  of  the  units  of  the  specific  tissue. 


years  and  one  lived  over  nine  years  in  spite  of  the  fact  that  all  of  the  lymphatic 
glands  were  involved.  The  same  was  true  of  cases  with  partial  glandular 
involvement.  The  question  arising  from  these  facts  is:  What  are  the  factors 
controlling  longevity  in  these  exceptional  cases?  Doubtless  there  are  many 
contributing  factors  to  longevity  but  there  are  at  least  two  which  can  be  studied 
with  a  fair  degree  of  accuracy  which  may  be  sufficient  to  advance  our  knowl- 
edge of  the  body's  defensive  mechanism  against  the  destructive  character  and 
activities  of  neoplasmata.  In  this  report,  cellular  differentiation,  and  lympho- 
cytic infiltration  are  considered.  There  is  a  general  unwritten  law  in  biology 
which  indicates  that  the  power  of  cellular  reproduction  is  in  inverse  relation 
to  the  degree  of  cellular  differentiation  unless  the  differentiation  be  for  the 
specific  purpose  of  reproduction.     By  the  term  differentiation  in  biology  we 
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mean  structural  change  for  specitic  function.  For  convenience  of  study  the 
degrees  of  differentiation  have  been  classified  according  to  the  visible  changes 
■which  can  easily  be  recognized  in  the  normal  evolution  of  specific  tissues.  The 
differentiation  has  been  divided  into  three  degrees  (Fig.  4).  The  cells  of 
carcinoma  sometimes  attempt  differentiation  and  it  has  been  thought  that  this 
attempt  might  be  seen  in  the  cases  which  lived  unusuallj'  long  after  gastric  re- 
section.    The  specimens  were,  therefore,  studied  from  this  standpoint. 

Tlie  next  factor,  as  a  possible  part  of  the  defensive  mechanism,  is  lympho- 
cytic infiltration.  The  degrees  of  lymphocytic  infiltration  are  arbitrarily  fixed 
as  follows :  The  first  degree,  no  immediate  contact  of  the  lymphocytes  with 
the  cancer  cells,  the  lymphocytes  being  discovered  only  after  careful  search 
of  the  microscopic  fields;  second  degree,  occasional  contact  of  the  lymphocytes 
with  the  cancer  cells ;  third  degree,  extensive  contact  of  the  lymphocytes 
with  the  cancer  cells.  While  this  is  an  arbitrary  division  of  degrees  of  lympho- 
cytic reaction,  the  extremes  only  may  be  considered  to  be  of  possible  value 
since  the  personal  equation,  as  to  the  second  degree,  would  be  variable  in  the 
hands  of  different  observers. 

The  findings,  in  so  far  as  the  degree  of  differentiation  and  lymphocytic 
infiltration  are  concerned,  were  charted  with  the  age,  sex.  and  years  of  post- 
operative life. 

The  three  groups  were  studied  separately  (see  charts)  with  the  following 
results: 

Percentages  Alive  in  Groups   (09  Cases) 

GROUP 

PeiTeiitago  wliich  lived  over     1  year  78.7 

< '  "  "        "        2  years  60 

<<  <<  "        "        4  "    "  33 

<<<<<"(!"  21 

<<  <<  <<        "        8       "  12 

"  ,1  i<         <i      ;10        <<  6 

<<       <<      11       .<  2 

"        '"        "      13       "  1 


GROUP  II 

GROUP  III 

50 

50 

21.4 

30 

8.9 

20 

5.3 

10 

3.5 

10 

0 

0 

0 

0 

0 

0 

It  may  be  seen  that  78.7  per  cent  of  gastric  carcinomata  without  glandular 
involvement  lived  over  1  year;  tjO  per  cent  of  gastric  carcinomata  without 
glandular  involvement  lived  over  2  years;  33  per  cent  of  gastric  carcinomata 
without  glandular  involvement  lived  over  4  years;  50  per  cent  of  gastric  carcin- 
omata with  glandular  involvement  lived  over  1  year;  21-30  i)er  cent  of  gas- 
tric   carcinomata    with    glandular    involvement    lived    over    two    years;    fi'om 


40-50         50-60        |60-72 


Percentage   alive  over     1  year     in   decades 
"  "        "  2  years    "  " 
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S.f)  to  20  per  cent  of  gastric  earcinomata  with  glandular  involvement  lived  over 
4  years,  or  80-91  per  cent  died  before  the  end  of  the  fourth  year  after  resec- 
tion ;  from  3.5  to  10  per  cent  of  gastric  careiuomata  with  glandular  involve- 
ment lived  over  8  years;  and  6  per  cent  of  gastric  earcinomata  without  glan- 
dular involvement  lived  over  10  years. 

From  these  figures  it  may  be  seen  that  the  younger  the  host  the  shorter 
the  life  expectancy  after  resection  for  gastric  carcinoma  regardless  of  glan- 
dular involvement. 

Cellular  Differentiation 
Average  length  of  postoperative  life  in  I  II  III 

the  different  groups  with  no  differentiation  3.-5  years  1.4  years  2.8  years 

-A-verage  length  of  postoperative  life  in 

the   different   groups  with   differentiation  -1         "  1.(38    "  2.6      " 

Percentage  of  cases  with  no  differentiation  .57..5      "  2.5         "  20         " 

Percentage  of  cases  with  differentiation  42..5      "  75         *'  SO         " 

Decade 29-40  40-50  50-60  60-72 

Percentage  with  no  differentiation 53.8  25  35  28 

Percentage  with  differentiation 46.2  75  65  72 

Average  length  of  postoperative  life  in  all  cases  with  no  differentiation 2.8     years 

Average  length  of  postoperative  life  in  all  cases  with  some  dift'erentiation 2.55      " 
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The  facts  from  these  figures  may  be  briefly  summarized  as  follows: 

1.  Individuals  with  no  glandular  involvement  and  showing  dift'erentiation 
lived  14  per  cent  longer  than  those  with  no  glandular  involvement  and  no 
differentiation. 

2.  Individuals  with  partial  glandular  involvement  with  differentiation 
lived  20  per  cent  longer  than  those  without  differentiation. 

3.  In  individuals  with  complete  glandular  involvement  differentiation 
was  not  associated  with  inc/"ased  longevity. 

4.  Differentiation  was  more  frequent  iri  association  with  glandular  in- 
volvement (Group  II,  42.6  per  cent;  Group  III,  70  per  cent). 
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5.  Differeutiation  was  most  frequeut  between  the  ages  of  40  to  50  years 
and  least  frequent  between  29  to  40  years. 

6.  In  the  whole  series  of  cases  the  average  length  of  life  was  less  (8.9  per 
cent)   with  differentiation  than  without  differentiation. 


Lymphocytic  Infiltration 


II 

4.1  years 


Average  length  of  postoperative  life  in  cases  I 

with  2  and  2+  lymphocytic  inflltration. .  .         5.3     years 
Average  length  of  postoperative  life  in  cases 

with  3  and  3+ lymphocytic  infiltration. . .         4.37      "  1.7      " 

Average  length  of  postoperative  life  in  cases 

no  lymphocytic  infiltration 4.2        ' '  1.3      ' ' 

Average  length  of  postoperative  life  in  all  cases  with  some  lymphocytic  intiltration 
Average  length  of  postoperative  life  in  all  cases  with  no  lymphocytic  infiltration 
Percentage  of  cases  with  no  lymphocytic  intiltration 


3  or  3+ 
1  or  1+ 


III 
4.0  years 


Decade 

Percentage  of  cases  with  on  lymphocytic  intiltration 
"  "      "         "       1  "  " 
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ic  inf 
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2.1      " 

21 
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10 

36.3 

73.2 

SO 
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A  Study  of  these  figures  reveals  the  following  facts  in  this  series: 

1.  Cases  of  gastric  carcinoma  without  glandular  involvement  plus  extensive 
lymphocytic  infiltration  have  the  greatest  average  length  of  postoperative  life 
(23  per  cent  longer  than  Avlen  associated  with  glandular  involvement). 

2.  Regardless  of  glandular  involvement  the  presence  of  lymphocytic  infil- 
tration is  associated  with  a  23  per  cent  longer  jiostoperative  life. 
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3.  Extensive  lymphocytic  infiltration  is  more  frequent  in  association  with 
glandnlar  involvement  than  it  is  without  glandular  involvement. 

4.  Regardless  of  glandular  involvement  extensive  lymphocytic  infiltration 
is  most  frequent  between  40  to  50  years  and  60  to  72  years. 

CoMBix.\Tiox  OF  Lymphocytic  Ixfilthatiox  axd  Differen'tiatiox 
Average  length  of  postoperative  life  with  1  II  III 

2  and  2  tliflferentiatioii  and  3  lymphocytic  infiltratiim      4     yt'ars  L.J  years  3  years 

Average  length  of  postoperative  life  with 

no  differentiation  ;iiid  lyniphocytic  infiltratitiii  1.0     "  l.ij      "  0      " 

From  a  study  of  these  figures  the  following  conclusions  from  the  series 
may  he  made: 

The  eases  of  gastric  carcinoma  with  the  combination  of  lymphocytic 
infiltration,  differentiation  and  no  glandular  invoh'ement  lived  150  per  cent 
longer  than  the  cases  with  no  differentiation  and  no  lymphocytic  infiltration. 


1.  The  average  length  of  postoperative  life  is  7.5  per  cent  greater  in  eases 
with  differentiation  than  in  those  without   differentiation. 

2.  There  is  a  much  greater  percentage  of  eases  in  Group  I  without  differ- 
entiation. 

3'.  There  is  a  much  greater  percentage  of  cases  in  Group  III  with  differ- 
entiation. 

4.  The  greatest  frequency  of  cases  with  no  differentiation  occurs  in 
cases  between  20  and  40  years  of  age. 

5.  The  greatest  frequency  of  eases  with  the  greatest  amount  of  differen- 
tiation occurs  in  eases  between  40  and  50  years  of  age. 

6.  The  average  length  of  postoperative  life  is  greatest  in  cases  without 
glandular  involvement  plus  lymphocytic  infiltration. 

7.  The  cases  without  glandular  involvement  but  with  lymphocytic  infiltra- 
tion live  124  per  cent  longer  than  those  without  lymphocytic  infiltration. 

8.  Cases  with  glandular  involvement  lived  146  per  cent  longer  when  there 
was  lymphocytic  infiltration  than  did  those  with  no  infiltration. 

!).  The  highest  percentage  of  cases,  witlumt  lymphocytic  infilli-ation,  were 
those  witli  no  glandular  involvement. 

10.  The  highest  percentage  of  cases,  with  lyiiipiiocytic  infiltration,  were 
those  with  glandular  involvement. 

11.  Tiie  highest  percentage  of  eases  witii  marked  lymphocytic  inliltration 
occurred  between  60  and  72  years  of  age  and  40  and  50  years  of  age. 

12.  The  highest  percentage  of  cases  with  no  lyiii|)hoey1ic  infiltration  oc- 
curred between  50  and  60  years  of  age. 

13.  The  average  length  of  postoi)erative  life  in  cases  with  differentiation 
and  lymphocytic  infiltration  combined  is  82  ])er  cent  greater  llian  that  without 
dilTerentiat  ion  and    lym|iliocyt  ic   inliltration   combined. 


THE  ALKALI  RESERVE  OF  THE  BLOOD  PLASALA  DURING  PROTEIN 

SHOCK* 


By  A.  A.  Eggsteix,  M.D.,  New  York,  X.  Y. 


THE  shock  produced  by  the  intravenous  injection  of  foreign  proteins  re- 
cently advocated  in  the  nonspecific  treatment  of  chronic  infectious  processes 
is  frequently  associated  with  symptoms  suggestive  of  an  acidosis.  In  order 
to  determine  a  decrease  in  the  lilood  alkalies  of  animals  shocked  in  this  man- 
ner a  series  of  investigations  have  been  made  of  which  this  communication 
constitutes  a  report. 

Observations  upon  the  alkali  reserve  of  the  blood,  d\iring  surgical  shock,  have 
been  made  by  L.  J.  Henderson,^  Yandel  Henderson,^  Crile,^  Caldwell  and 
Cleveland,*  Guthrie,"  McEllroy,"  Cannon,^  and  others.  As  surgical  and  tox- 
emic shock  are  in  all  essential  features,  identical,  it  is  well  to  review  briefly 
the  observations  of  these  investigators.  Henderson-  and  coAvorkers  have 
frequentty  reported  acidosis  in  surgical  shock  of  animals,  produced  by  ex- 
perimental means,  and  his  acapnia  theory  of  acidosis  based  upon  these  ex- 
periments is  quite  well  known.  Crile^  has  observed  acidosis  present  in  va- 
rious clinical  conditions  including  shock.  Guthrie^  found  a  decrease  in  the 
reserve  alkalinity  of  the  blood  in  certain  cases  of  experimental  shock,  but 
much  of  the  decrease  observed  occurred  after  pronounced  sj^mptoms  of  shock 
had  become  manifested  and  that  good  recovei'y  of  cerebral  fiuaction  was  pos- 
sible in  shock  without  a  change  in  the  hydrogen-ion  or  the  plasm  alkalinity 
which  strongly  indicated  to  the  author  that  the  cerebral  manifestations  of 
.shock  are  not  due  to  changes  in  the  blood  reaction.  ilcEllroy''  found  in 
experimental  shock,  a  gradual  decrease  in  the  alkali  reserve  of  the  blood.  His 
experiments  led  him  to  the  conclusion  that  acidosis  was  not  a  causative  factor 
in  the  experimental  shock  studied,  and  he  states  that  in  jirimary  experimental 
acidosis,  where  there  is  a  marked  lowering  of  the  alkali  reserve  to  a  degree 
lower  than  that  observed  in  shock,  no  marked  change  in  the  condition  of 
the  animal  was  produced,  also  that  the  injection  of  sodium  bicarbonate  into 
animals  in  shock,  was  without  beneficial  action,  although  the  reserve  alkali 
was  restored  McEllroy  found  that  shock  may  be  induced  even  while  the 
alkaline  reserve  is  maintained  by  the  injection  of  sodium  bicarbonate.  Can- 
non's' studies  included  forty-seven  cases  of  low  blood  pressure  in  soldiers 
during  the  recent  war.  In  some  cases  the  low  blood  j)ressure  was  due  to  shock 
alone,  while  in  others  it  was  complicated  by  hemori'hage  or  gas-bacillus  in- 
fection. The  relationship  of  acidosis,  blood  pressure,  respiratory  changes  and 
ilip  1)1  ood  sugar  received  particular  attention  in  these  cases.  Cannon  also  ob- 
served the  effect  of  anesthesia  and  operation  upon  an  existent  acidosis  and 
lower  blood  pressure  and  the  influence  of  alkaline  treatment  in  eases  of  ex- 

*From  the  Department  of  Pathology  of  Manhattan  Eye,  Ear  and  Throat  Hospital,  and  College  of 
Physicians  and  Surgeons  (Columbia  University). 
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trerae  acidosis.  In  foi-ty  per  cent  of  Cannon's  cases  the  mean  blood  pressure 
was  below  60  millimeters  of  mercury,  and  all  showed  a  condition  of  acidosis. 
A  close  parallelism  in  the  drop  of  the  carbon  dioxide  capacity  of  the  blood, 
with  a  drop  in  the  mean  blood  pressure  was  found.  In  ten  cases  of  uncom- 
plicated shock  the  average  carbon  dioxide  capacity  was  41  volume  per  cent. 
Upon  the  basis  of  some  experiments  carried  out  upon  soldiers  in  shock.  Cannon 
highly  recommends  the  preliminary  administration  of  alkalies  in  order  to 
combat  the  extreme  acidosis  that  follows  operations  on  men  in  surgical  shock. 


In  these  experiments,  dogs  were  used  chiefly.  These  dogs  were  kept  in 
the  laboratory  kennel  upon  a  well  balanced  diet,  for  a  period  not  less  than  a 
week.  The  carbon  dioxide  capacity  of  the  plasma  was  determined  accord- 
ing to  the  technic  of  Van  Slyke.*  The  animals  were  bled  from  the  jugular 
vein,  by  means  of  a  syringe  and  the  blood  immediately  mixed  with  neutral 
potassium  oxalate,  and  covered  with  liquid  paraffin.  The  blood  was  tested 
previous  to  the  production  of  the  shock  and  at  regular  intervals  following. 
Secondary  proteoses  and  typhoid  bacteria  were  the  toxic  substances  used  to 
produce  shook   and  were   given   intravenously. 

EXPERIMENTS 

Table  I 

Dog  1,  weight  5  kg. 


EXPERIMENT  TIME 

INJECTION 

C.C.     OV     CO,    CHEMICALLY 
BODND    BY    100    C.C.    PLASMA 

9:00    A.M. 

50.4 

9:10    A.M. 

1.0  gm.  proteoses 

2:00    P.M. 

25.8 

.3:00    P.M. 

30.0 

6:00    P.M. 

38.1 

9:00    A.M. 

50.0 

Table  I  shows  a  marked  acidosis  in  a  dog,  following  proteose  shock.  Sim- 
ilar experiments  were  repeated  upon  a  series  of  eight  dogs  with  slight  va- 
riations in  results.  Therefoi-e  it  is  considered  sufficient  to  present  in  tabular 
form  the  average  figures  obtained  from  the  eight  experiments. 


Average  weight  of  eight  dogs,  5.4  kg. 
Average  dose  of  proteoses,  0.2  gins,  per  Kg. 


CO.    OP    CO.    CHEMICALLY 

TIME    INTERVALS 

BOUND  BY    100   C.C.    PLASMA 

Before  injection 

54.8 

10  minutes  later 

Proteoses 

2  hours  later 

.32.4 

8  hours  later 

40.4 

24  hours  later 

45.0 

4S  hours  later 

53.2 

r.oth  Tables  I  and  II  slinw  a  marked  decrease  in  tlic  carbdii  dioxide 
capacity  of  the  jjhisina  of  dogs  following  shock  protlucetl  by  the  intravenous 
injection  of  toxic  proteoses.     Seven  of  the  nine  dogs  used  in  these  two  ex- 
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periments,  showed  a  drop  iu  the  carbon  dioxide  capacity  of  the  plasma.  In 
one  dog  included  in  Table  II,  receiving  the  same  amount  of  proteoses  propor- 
tionately as  the  others,  there  was  practically  no  change  in  the  alkali  re- 
serve of  the  blood.  However,  this  animal  presented  definite  evidence  of 
acute  shock.  In  spite  of  this  unexplained  variation  in  the  one  animal,  the 
table  shows  a  rapid  and  continuous  decline  in  the  alkaline  reserve  of  the 
blood.  The  animals  usually  recover  from  this  condition  of  acidosis  in  less 
than  twenty-four  hours.  The  symptoms  presented  by  the  animals  were  vomit- 
ing, diarrhea,  restlessness,  dilated  pupils,  prostration,  low  blood  pressure.  One 
of  the  animals  died  during  the  night  following  the  shock.  When  a  decrease 
in  the  alkali  reserve  was  below  20  per  cent  the  animals  usually  showed  severe 
clinical  symptoms  and  the  animal  which  died  showed  a  carbon  dioxide  capac- 
ity decrease  of  56.7  to  18.3.  Blood  pressure  tracings  were  made  on  several 
dogs,  and  in  these  animals  there  was  a  drop  in  the  pressure  following  the 
injection  of  the  proteoses  which  was  closely  associated  with  a  drop  in  the 
alkali  reserve  of  the  plasma.  This  is  similar  to  the  findings  of  Cannon  in 
surgical  shock.  The  failure  of  one  of  the  animals  in  the  series  to  show  a  de- 
crease in  the  alkali  reserve  following  the  proteoses  injection  remains  unex- 
plained. However,  Guthrie'  reports  an  irregular  production  of  acidosis  in 
dogs  during  surgical  shock. 

The  results  obtained  upon  proteose  shock  in  dogs  suggested  the  use  of 
other  toxic  proteins  upon  the  alkali  reserve  of  the  blood,  and  in  the  following 
experiments,  tj'phoid  vaccine  was  employed  intravenously  to  produce  a  severe 
shock. 

Below  are  tabulated  the  average  figures  of  seven  animals  shocked  by  the 
intravenous  injection  of  typhoid  bacteria. 

Table  III 
Average  weight  of  seven  dogs,  6.5  Kg. 
Average  dose  per  Kg.,  40,000,000  dead  typhoid  bacteria. 


TIME    INTERVALS 

INJECTION' 

C.C.    OF    CO,    CHEinCALLT 
BOUNT)   BT   100   C.C.   PLASMA 

Before  iujection 

55.3 

10  minutes  later 

Tvphoid  bacteria 

2  hours  later 

29.3 

S  hours  later 

40.2 

24  hours    later 

53.8 

48  hours  later 

48.6 

There  is  a  marked  drop  in  the  carbon  dioxide  capacity  of  the  plasma  of 
dogs  receiving  an  intravenous  injection  of  typhoid  bacteria  as  shown  in  Table 
III.  In  one  dog  of  this  series,  the  carbon  dioxide  capacity  fell  from  60.5 
volume  per  cent  to  19.5  volume  per  cent.  This  animal  died  the  night  following 
the  injection  of  the  bacteria.  Another  one  of  the  dogs,  iu  which  the  carbon 
dioxide  capacity  had  dropped  to  26.02  volume  per  cent,  died.  There  was 
marked  prostration  in  all  of  these  animals.  The  symptoms  were  more  severe 
following  the  typhoid  than  the  proteose  injections.  The  typhoid-shocked 
animals  showed  more  marked  diarrhea,  the  stools  containing  a  large  amount 
of  blood.  There  was  a  greater  diminution  of  the  alkali  reserve  of  the  plasma 
in  the  animals  receiving  the  typhoid  vaccine,  than  those  shocked  by  proteoses. 
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HUMAN  CASES 

Having  demonstrated  clianges  in  the  alkali  reserve  of  the  plasma  of  dogs 
following  protein  shock,  it  was  considered  advisable  to  study  the  reaction 
of  the  plasma  following  the  therapeutic  administration  of  toxic  proteins 
in  patients. 

A  negro  woman,  aged  forty,  sulferiiig  from  chronic  arthritis,  with  carbon 
dioxide  capacity  55.8  volume  per  cent  before  an  intravenous  injection  of 
twenty  million  dead  typhoid  bacilli.  The  injection  was  followed  by  chill. 
headache  and  general  malaise,  and  a  rise  in  temperature  of  two  degrees.  One 
hour  after  the  injection,  the  plasma  carbon  dioxide  capacity  was  45.9.  Similar 
experiments  upon  a  group  of  eight  patients  were  repeated  with  similar  results. 
All  of  the  patients  showed  a  slight  decrease  in  the  carbon  dioxide  capacity  of 
tlie  plasma  following  this  form  of  shock. 

THE  EFFECT  OF   THE  ADMINISTRATION    OP   SODIUM   BICARBONATE 

From  the  observations  of  the  above  experiments  it  was  thought  desirable 
to  determine  the  effect  of  the  administration  of  sodium  bicarbonate  upon  these 
reactions  when  given  intravenously  to  the  animals  before  and  after  the  produc- 
tion of  a  shock. 


Average  weight  of  four  dogs,  6.2  Kg. 
Avei'age  dose  of  proteoses,  0.2  gms.  per  Kg. 


TIME    INTERVALS 

INJECTIONS 

CO.    OP    CO,    CHEMICALLY 
BOUND   BY   100    C.C.   PLASMA 

Before  injeetion 

00.3 

10  minutes  later 

2    gms. 

sodium   liiearbonate 

80  minutes  later 

75.S 

4.^  minutes  later 

Proteoses 

li  hours  later 

40.2 

8     hours  later 

50.4 

24     hours  later 

62.6 

Average  weight  of  four  dogs,  7  Kg. 

Average  number  of  tyjjhoid  bacilli  per  Kg.,  400,000,000. 


TIME    INTERVALS 

INJECTION 

C.C.    OF    CO,    CHEMICALLY 
BOUND   BY   100   r.C.   PLASMA 

Before  injection 

2  grs. 

sodium  bicarbonate 

69.1 

15  minutes  later 

t 

•phoid  bacteria 

35  minutes  later 

76.4 

1     hour  later 

H  hours  later 

35.6 

10     hours  later 

59.7 

22     hours  later 

63.4 

Eiglit  dogs  were  tai^cii.  and  thi'  (•arl)oii  dioxide  capacity  of  tlie  lijood  de- 
termined. The  dogs  were  given  sodium  liicarbonate  and  tlie  rise  in  Ihr  alkali 
reserve  of  the  blood  noted,  in  rmii-  df  these  dogs,  proteoses  were  given  and 
in  the  other  four,  typhoid  vaeeine.  The  l)iood  plasma  carbon  dioxide  capacity 
of  these  dogs  showed  a  drop  to  a   point   far  below  the  capacity  before  tlie  ad- 
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ministration  of  tlie  alkali.  Clinically,  the  eight  animals  showed  a  distinct 
protein  shock,  with  little  or  no  change  in  the  clinical  symptoms,  bnt  the  carbon 
dioxide  capacity  did  not  reach  as  low  a  level  as  in  the  untreated.  In  the 
tables  are  shown  the  composite  results  of  these  experiments. 

The  next  experiments  were  made  to  determine  the  effect  of  the  administra- 
tion of  alkali  after  the  production  of  shock  in  dogs.  It  will  suffice  to  give  the 
following  representative  experiment  which  shows  the  results  obtained  in  a  group 
of  five  dogs. 


Weight  of  dog,  6  Kg. 

Kumber  of  typhoid  bacteria,  -100,000  per  Kg. 


TIME    INTERVALS 

INJECTIOX 

CO.    OP    CO,    CHEMICALLY 
BOUXD   BY   100   C.C.    PLASMA 

Before  injection 

56.1 

18   minutes  later 

Tvphoid  vaccine 

40  minutes  later 

30..3 

1  hour  later 

2  gr.s.  sodium  bicarbonate 

1  hr.  20  min.  later 

40.5 

9  hours  later 

45.6 

20  hours  later 

52.4 

In  Table  VI  is  represented  a  very  rapid  decrease  in  the  alkali  reserve  of 
the  plasma  of  a  dog  after  vaccine  shock  with  a  subsequent  rise  after  the  ad- 
ministration of  sodium  bicarbonate.  All  the  animals  showed  severe  clinical  symp- 
toms after  the  injections  of  the  typhoid  vaccine.  Several  of  the  dogs  showed 
an  apparent  improvement  of  certain  clinical  symptoms  immediately  following 
the  alkali  treatment.  Dyspnea  was  less,  blood  pressure  higher,  vomiting  and 
diarrhea  not  so  severe,  as  in  the  animals  not  receiving  alkali.  However,  all  the 
toxic  symptoms  were  not  relieved,  and  several  of  the  dogs  remained  prostrated 
for  several  hours. 


DISCUSSION 

From  these  experiments  it  is  evident  that  in  protein  shock,  there  is  a  decrease 
in  the  alkali  reserve  of  the  blood  plasma.  These  findings  correspond  with  the 
observations  of  Crile,  Cannon,  Wright  and  others,  upon  the  alkali  reserve  of 
the  blood  following  surgical  shock  and  in  infectious  diseases.  From  these  ex- 
periments, the  decrease  in  the  alkali  reserve  in  infectious  disease,  is  probably 
due  to  the  liberation  of  toxic  proteins  into  the  eii'culation.  The  sources  of  the 
toxic  proteins,  being  a  bacteriemia  or  the  incomplete  autol.ysis  of  the  necrotic 
cells  of  tissues  and  inflammatory  exudates.  These  experiments  indicate  that 
proper  attention  should  be  paid  to  the  alkali  reserve  of  the  blood  in  the  treat- 
ment of  toxemic  conditions  and  infectious  diseases,  particularly  typhoid  fever 
and  pneumonia,  as  in  these  conditions  large  amounts  of  toxic  proteins  gain 
entrance  into  the  circulation. 

As  a  result  of  the  improvement  of  certain  distressing  symptoms  in  dogs,  after 
the  administrations  of  alkalies,  it  would  seem  advisable  to  administer  alkali  in 
the  treatment  of  infectious  diseases  and  other  toxemias  for  the  relief  of  respira- 
tory and  circulatory  symptoms  so  frecjuently  found  in  these  conditions. 
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CONCLUSION 

1.  The  alkali  reserve  of  the  blood  plasma  is  greatly  deereased  in  shock,  fol- 
lowing the  intravenous  injection  of  toxic  proteoses  and  typhoid  vaccines  in  dogs 
and  in  human  eases. 

2.  There  was  found  a  definite  relationship  between  the  decrease  in  the  al- 
kaline reserve  of  the  plasma  and  the  lowered  blood  pressure  in  toxemic  shock. 

3.  "When  the  alkali  reserve  of  tlie  blood  falls  below  thirty  volume  per  cent, 
following  protein  shock,  the  animal's  life  is  in  danger. 

•4.  The  administration  of  sodium  bicarbonate  preliminary  to  the  injection 
of  a  toxic  protein  retards  the  fall  of  the  blood  alkalies  to  this  critical  point. 

5.  When  the  alkali  reserve  has  been  lowered  in  protein  shock,  it  may  be  re- 
stored by  the  intravenous  administration  of  sodium  bicarbonate,  which  appar- 
ently relieves  distressing  symptoms. 
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STUDIES  ON  THE  RESISTANCE  OF  THE  RED  BLOOD  CELLS  * 

II.  The  Resistaxce  of  the  Red  Blood  Cells  ix  Disease  to  the  Hemolytic 
'     Action  of  Sapotoxix 


By  Chas.  H.  Xeilsox,  M.D.,  axd  Homer  "Wheelox,  M.D.,  St.  Louis,  Mo. 


IN  a  iDrevious  communication  a  rapid  method  was  given  for  the  determination 
of  the  resistance  of  the  red  blood  cells  to  sapotoxin  solutions.^  In  brief 
the  method  consisted  of  exposing  a  given  amount  of  whole  blood,  20  c.  mm., 
for  a  period  of  5  minutes  to  various  strengths  of  sapotoxin  solution  at  a 
constant  temperature — 25°  C.  With  this  method  the  red  cells  of  normal  whole 
blood  of  185  determinations  showed  an  average  minimal  degree  of  hemolysis 
in  a  1:13,937  sapotoxin  solution.  It  was  also  shown  that  the  resistance  of 
washed  cells  was  markedly  less  than  that  of  those  suspended  in  normal  blood 
fluids.  Such  results  led  to  the  conclusion  that  the  blood  fluids  acted  in  such 
a  manner  as  to  protect  or  raise  the  resistance  of  the  red  blood  cells  to  the 
hemolytic  action  of  sapotoxin. 

The  present  paper  deals  with  the  relation  of  red  cell  resistance  in  various 
of  the  common  diseases  to  the  hemolytic  action  of  sapotoxin.  Brief  mention 
is  made  concerning  the  relation  of  cholesterol  to  the  hemolj^ic  action  of  sapo- 
toxin inasmuch  as  the  cholesterol  content  of  the  blood  in  certain  of  the  dis- 
eases was  found  to  vary  in  proportion  to  variations  in  red  blood  cell  resistance. 

Experimental  Results 
I.  pregnancy  and  the  resistance  of  the  red  blood  cells 

While  studying  the  resistance  of  the  red  blood  cells  of  patients  suffering 
from  pulmonary  tuberculosis  we  were  impressed  by  the  great  degree  of  re- 
sistance offered  by  two  women  both  of  whom  were  pregnant.  No.  77  (8 
months  pregnant)  demon-strated  a  resistance  of  1:10,500,  the  other.  No.  78  (6 
mouths  pregnant)  1:10,000.  The  average  resistance  of  34  tuberculous  patients 
was  1 :12,375,  an  increase  above  the  normal  of  1,562  points,  hence,  tuberculosis 
and  pregnancy  each  tend  to  accentuate  the  resistance  of  the  red  blood  cor- 
puscles to  sapotoxin  solutions. 

The  laking  reaction  of  red  cells  in  whole  blood  to  sapotoxin  solutions  was 
determined  upon  41  eases  of  pregnancy.  In  all  139  determinations  were  made 
during  the  latter  days  of  pregnancy,  labor,  and  the  4th,  8th,  and  12th  days 
postpartum.  Thirty-five  tests  made  within  two  weeks  of  delivery  gave  an 
average  resistance  of  1 :11,271  solution.  The  time  for  complete  hemolysis  to 
occur  in  a  1:13,000  solution  was  16.8  minutes.  The  average  hemoglobin  was 
89  per  cent  as  determined  i-y  the  Tallquist  hemoglobiuometer.  (See  Table 
I  and  Fig.  1.) 
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Ten  cases  were  studied  diirinii-  the  period  nf  lalidi-.  The  averajre  streiifrth 
of  sapotoxin  sdiiitimi  ivMpiired  t(i  hcinnly/.c  the  red  ci'lis  in  five  minutes  was  a 
1 :10,050  solution.  I'oniplete  iai<ing  oecurred  in  the  1  :]3,()(M)  solution  in  19.2  min- 
utes;  average  hemoglobin  90  per  cent.  Hence,  during  parturition  there  i.s  an 
increased  resistance  to  sapotoxin  solutions  of  1,221  points  above  that  of  the 
last  two  weeks  of  the  pi-epartum  period  and  :i887  points  increase  (jver  thr 
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avcragp   normal.     The   lenstli   of  time   required  for   complete   hiking   of   the 
red  cells  in  a  1:13,000  solution  was  also  increased  by  2.4  minutes. 

Thirty-three  determinations  made  on  the  fourth  day  postpartum  gave  an 
average  resistance  strength  of  1:12,060  solution.  The  average  laking  time  in 
a  1:13,000  solution  was  14.1  minutes;  hemoglobin  averaged  88  per  cent.  Hence 
the  blood  cells  were  le.ss  resistant  by  1.010  points  than  during  the  period 
of  delivery;  789  points  less  than  the  prepartum  period  and  1.877  points  higher 
than  the  average  normal.  The  time  for  complete  laking  in  the  1:13,000  solu- 
lion  was  decreased  by  5  minutes  over  the  time  required  at  the  time  of  deliv- 
ery and  2.fi  minutes  less  than  the  prepartum   determinations. 

Table  I 
Pregnancy  and  Red  Cell  Eesistaxce  to  Sapotoxin  Sou-tioxs 


NO.    CASES 

RESISTANCE 

1:13,000 

UB. 

Prepartum 

?.o 

1:11,271 

Ifi.S 

89 

Lai/cr 

10 

1:11,050 

19.2 

90 

Postpartum 

4th  Day 

;!3 

1:12,0(50 

14.2 

88 

Sth  Day 

:;i 

1:12,581 

12.2 

90 

12th   Day 

30 

1:13,000 

11.8 

87 

Average  of  all 

1?,9 

1:11,9.53 

14.9 

89 

Normal 

1S5 

1:13,937 

10.7 

91 

Resistgnee,  Strength  solution  showing  minimal  hemolysis.     1:13,000. 
Time  in  minutes  for  complete  hemolysis  to  occur.    Hb.,  Hemoglobin. 

On  the  eighth  day  postpartum  31  tests  gave  an  average  resistance  strength 
of  1:12,581  solution;  a  decrease  of  1,310  points  below  the  prepartum  period 
and  1,356  points  above  the  average  normal.  The  average  time  for  complete 
laking  in  the  1:13,000  solution  was  12.2  minutes,  or  4.6  minutes  less  than  the 
prepartum  period.     Average  hemoglobin,  90  per  cent. 

Thirty  determinations  made  on  the  twelfth  day  postpartum  gave  an  av- 
erage laking  strength  of  1:13,000  .solution,  a  decrease  of  1,729  points  below 
the  prepartum  period  and  937  points  above  the  average  normal.  The  average 
laking  time  for  a  1:13,000  solution  was  11.8  minutes;  a  decrease  of  5  minutes 
below  the  prepartum  period. 

Early  pregnancy  appears  to  increase  the  resistance  of  the  red  blood  cells 
to  sapotoxin  solution.  The  average  resistance  of  18  cases  of  pregnane^'  be- 
tween the  third  and  seventh  month  was  a  1:12,139  solution:  an  increase  of 
1,798  al)ove  the  average  normal,  or  868  points  lower  than  the  average  resistance 
for  the  period  just  prior  to  parturition.  The  average  hemoglobin  was  86.4  per 
cent  and  the  average  complete  hemolysis  in  a  1:13,000  solution  Avas  13.1  min- 
utes. 

Inasmuch  as  obstetrical  cases  usually  leave  the  hospital  14  days  after  de- 
livery it  was  not  possible  t^  carry  the  observations  over  a  longer  period  of 
time.  At  the  end  of  twelve  days  the  resistance  of  the  red  blood  cells  is  ma- 
terially reduced  below  that  of  the  prepartum  period;  however,  it  still  shows 
a  slight  increased  resistance  above  that  of  the  average  normal. 

The  work  of  Hymt.nson  and  Kahn-  shows  that  the  mean  total  lipoid 
content  of  the  maternal  blood  is  0.475,  cholesterol  0.219  per  cent.  The  blood 
from  the  newborn  infant  gives  practically  identical  readings.     According  to 
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Bloor  and  Kmulsoii''  there  is  a  coiLslant  rt'lalion  between  the  free  ehulesterol 
and  eliolesterol  esters  of  human  blood.  In  whole  blood  the  average  percentage 
of  cholesterol  in  combination  as  esters  is  33.5  per  cent,  and  iu  the  plasma  58 
per  cent  of  the  total  cholesterol  content.  In  pregnancy  the  values  for  choles- 
terol esters  are  high.  Hyperchnlpstei-oleniin  is  conimnn  in  pregnancy  although 
not  invarial)le.  The  relation  of  gallstDiics  tn  pi'egnancy  is  of  eiimiiion  ob- 
servation. 

II.    MALARIA  AXD  THE  RE.SI.STAXCE  OF  THE  RED  BLOOD  CELLS 

Inasmuch  as  malaria  is  accompanied  by  more  or  less  severe  destruction  of 
the  red  blood  cells  by  the  malarial  plasmodium,  it  was  considered  of  interest 
to  test  the  resistance  of  the  erythrocytes  before  and  after  the  administration 
of  cjuinine.  The  relation  of  red  cell  destruction  and  quinine  in  the  production 
of  "black-water  fever"  of  necessity  brings  up  the  ([uestion  of  an  active  hemol- 
ysis in  such  cases. 

Ninety-eight  blood  resistance  determinations  were  made  upon  38  malarial 
patients.  Twenty-three  positive  malarial  cases  upon  whom  tests  were  made 
prior  to  the  administration  of  quinine  gave  an  average  minimal  hemolysis 
reaction  in  a  1:14,380  sapotoxin  solution.  Apparently,  therefore,  the  presence 
of  the  infection  does  not  greatly  alter  the  resistance  of  the  erj-throcytes  ai 
there  is  but  443  points  difference  in  such  cases  and  the  average  normal.' 

The  first  day  following  the  taking  of  massive  doses  of  quinine  (15  to  60 
grs.),  35  blood  determinations  gave  an  average  minimal  resistance  of  1:15,022. 
On  the  second  or  third  day  folloM'ing  quinine  medication  the  resistance  of  the 
erythrocytes  fell  to  an  average  of  1:15,417,  or  a  loss  of  1,037  points  below 
the  average  prior  to  the  taking  of  the  quinine  and  1,470  points  below  the  av- 
erage normal.  Following  the  initial  reduction,  the  resistance  of  the  red  cells 
gradually  returned  and  demonstrated  a  minimal  hemolysis  in  a  solution  of 
1:14,750  at  the  end  of  a  week's  medication. 

Following  the  withdrawal  of  (piinine,  the  resistance  of  the  red  cells  gave 
an  average  reading  of  1:14,409,  a  resistance  equivalent  to  that  demonstrated 
during  the  time  of  malarial  invasion  and  prior  to  the  taking  of  quinine. 
"Black-water  fever"  did  not  develop  in  any  of  oui'  cases,  hence,  no  informa- 
tion was  obtained   relative   tf>   that   ])oiut. 

As  a  check  upon  the  above  ex]H'rinients,  the  effects  of  quinine  on  seven 
nonmalarial  persons  Avas  determined.  These  persons  received  the  same  dosage 
of  quinine  and  were  tested  the  same  as  the  malarial  patients.  The  average 
resistance  of  these  controls  jn-ior  to  the  taking  of  quinine  was  1 :14,142.  Within 
24  hours  after  taking  (luinine  the  resistance  of  the  red  cells  was  increased 
to  a  1:13.893  solution:  a  figure  within  the  range  of  normal  determinations. 
At  un  time  durinu'  the  ciitirr  week  of  iniMlicat  ion  did  the  average  resistance 
mo\c  out  (if  the  range  of  normal  variations.  Tlie  withdrawal  of  (|iiinine 
had  no  apjiariMit  cITci't  upon  the  red  cells  as  the  axcrage  resistain-e  at  such 
a  time  was  1:13,937  uv  tlir  same  as  the  a\'efai;e  nornud.  (See  Table  11  ami 
Fig.  2.) 

Hemoglobin  is  ajipat'ently  but  little  afTected  by  (luiniiie,  although  our 
series  of  patients  did  demonsti-ate  an  average  gain  of  7.3  per  cent    in   liemo- 
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glohin  i'ollowiiio-  heroic  quiniue  medication.     Such  a  gain  may  be  accounted 

for  because  of  the  cessation  of  red  cell  destruction  by  the  malarial  plasmodium. 

Lovelace/  in  a   study  of  Sl-i  cases  of  hemoglobiunric   fever  found  that 

malarial  infection   stands  in  a  direct   causal  relation   to  "black-water  fever". 
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ON    aUININE  /  \ 

BEFORE   QUININE_1_  ' 


RED    BLOOD    CELLS 


1  2- 


STRENGTH  OF  SAPOTOXIN   SOL   REQUIRED  TO  LAKE  CELLS  IN  5  MIN. 


LAKING  TIME    WITH    i:i3,000   SAPOTOXIN    SOLUTION 


X&XI  MALARIAL  SUBJECTS  ON  QUININE  2  CASES 


n     ORDINATESs STRENGTH  OF  SOL.  IN  THOUSANDS  ft  TIME  IN  MINUTES 


-^ 


Fig,  J— Curves  showing  the  effc 
to  sapoto.xin.  The  1  nonmalaria!  cases 
of  the  figure  explain  the  curves. 


*cl  the  same  tri 
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Taule  II 
Malaria  and  Bed  Cell  Resistaxce  to  Sapotoxix  Solutions 


NO.   CASES 

RESISTAXCE 

1 

:  13,000 

HB. 

Malaria 

23 

1:U,380 

11.6 

86 

1st  Day  on 

Quinine 

35 

1:15,022 

8.5 

89 

During  Week 

on  Quinine 

32 

1:15,242 

8.9 

89 

Off  Quinine 

8 

1:14,409 

9.3 

90 

Average  of  all 

ftS 

1:14,763 

9.."; 

89 

Xormals 

IS.j 

1:13,937 

19.7 

91 

NOXMALArjAL 

PATIENTS  OX 

QUIXIXE 

Before  Quinine 

7 

1:14,142 

15.0 

86 

1st  Day  on 

Quinine 

7 

1:13,893 

15.3 

88 

During  week 

on  Quinine 

5 

1:13,944 

5.7 

88 

Off  Quinine 

4 

1:13,937 

16.00 

86 

Average  of  all 

23 

1:13.979 

13.0 

87 

Tho  administration  of  quinine  either  in  large  or  small  doses,  was,  in  his  eases, 
an  invariable  antecedent  of  the  hemoglobinuric  condition.  Brem,^  on  the 
otlu'r  hand,  does  not  believe  that  quinine  acts  as  an  etiologic  factor,  either 
predisposing  or  exciting.  However,  Brem  does  believe  that  previous  attacks 
of  malaria,  especially  of  the  estivo-autumnal  type,  do  act  as  predisposing 
causes  of  hemoglobinuric  fever.  He  also  advanced  the  theory  that  the  malarial 
organism  probably  excited  the  production  of  an  acute  hemolysin,  which  in 
turn  destroyed  the  red  cells.  The  views  of  Cardamatis"  concerning  the 
etiology  of  black-water  fever  agree  with  those  of  Lovelace,  namely,  quinine 
and  malaria.  Cardamatis  found  the  mortality  in  cases  of  black-water  fever 
treated  with  quinine  23.6  per  cent,  while  in  cases  treated  without  quinine 
the  rate  of  mortality  was  but  1.5  per  cent. 

The  relatiiin  of  ]iiinixysmal  liemoglobinuria  to  syjihilis  is  (if  interest  in 
that  syphilis  like  ni;ilai-i;i  is  the  I'esult  of  a  protozoan  parasite.  Hemoglobi- 
nuria is  also  kniiwn  tii  occur  in  various  protozoon  invasions  of  animals.  In 
such  cases  the  tlevelojunent  of  an  autolysin  or  hemolysin  gives  rise  to  the 
destruction  of  the  subject's  own  corpuscles.  As  will  be  shown  more  fully 
later,  the  degree  of  resistance  of  the  red  cells  to  laking  agents  is  materially 
altered  in  cases  of  .syphilis  not  under  treatment.  This  loss  of  resistance, 
or  increased  fragility,  is  especially  niai-ked  when  tlir  washed  cells  arc  studied. 

Butler'  reports  that  the  i-csistancc  of  the  red  cor])uscles  to  salt  solutions  is 
noi'inal  in  malarial  cases.  Salili'"  in  discussing  this  ])oint  says:  "The  de- 
tciMiiinalioii  of  the  ])o\vcr  of  resistance  of  the  red  blood  cell  to  hypotonic  in- 
jni-y  is  not  suflicient  to  settle  all  c|Uestioiis  in  reference  to  llicir  I'csisting 
power,  since  Chvostek.  18!)!).  in  contrast  to  .Mnrin.  found  that  in  jiaroxysmal 
hemoglobinuria  the  power  of  resistance  of  the  i-cd  lilood  cells  lo  salt  solu- 
tions is  normal,  while  tlu'v  show  Imt  sligiit  resistance  lo  mechanical  injury 
(shaking)    and  to  slasis  witliiu  llic  Imdy." 

III.  'rrnKHcri.dsis  and  tiik  resistanck  of  Tin;  ui;i>  m.ooD  cki.ls 

Keports  i-clative  to  the  I'csistanc:^  of  the  red  cells  in  tuliercMilosis  to  salt 
sohilioiis   are   conllici  inii'.      It    is   more    lli^ni    proliablc    that    facl.irs   other   than 
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tuberculosis  are  to  lie  eonsidered  in  sueh  cases;  the  degree  of  anemia,  cachexia, 
malignancy,  jaundice,  syphilis  and  pregnancy  all  affect  the  resistance  of 
the  red  cells.  Hence,  a  disturbance  of  tissues  other  than  those  affected  by 
tuberculosis  may  account  for  the  variations  in  results  that  have  been  reported. 
Pregnane}-,  as  previously  shoAvn,  does  increase  the  resistance  of  the  red 
blood  corpuscles  to  a  striking  degree.  This  oljservation  has  also  been  reported 
by  other  observers. 

The  average  resistance  of  erythrocytes  from  24  patients  suffering  from 
pulmonary  tuberculosis  was  1:12,375,  an  increase  of  1,562  points  above  the 
average  normal.  The  time  for  complete  hemolysis  to  occur  in  a  1 :13,000  sohi- 
tion  was  13.1  minutes  or  an  increase  of  2.4  minutes  above  the  average  normal. 
The  hemoglobin  determinations  averaged  81.6  per  cent  (Table  III). 

Two  patients  (Xos.  77  and  78)  suffering  from  pulmonary  tuberculosis 
were  pregnant,  one  5  months,  the  other  8  months.  No.  77  (8  months)  demon- 
strated a  resistance  of  1:10,500;  an  increase  of  3,437  points  above  the  normal 
and  1,875  points  above  the  average  for  the  24  tuberculous  cases.  Xo.  78 
(5  months)  gave  a  resistance  of  1 :10,000,  an  increase  above  the  average  normal 
of  3,937  points  or  an  increase  above  the  average  for  the  tuberculous  patients 
of  2,375  points.  In  the  light  of  the  results  obtained  from  the  study  of  preg- 
nancy these  two  cases  show  not  only  an  increased  resistance  of  the  red  blood 
cells  to  sapotoxin  because  of  the  tuberculous  condition  but  also  because  of 
pregnancy. 

Cases  Xos.  523  and  827  were  both  tuberculous  and  luetic  and  were  receiv- 
ing treatment  accordingly.  The  resistance  of  the  red  cells  in  these  two  eases 
-was  1:14,000  and  1:13.750,  respectively.  Hence  Case  Xo.  523  demonstrated 
a  reading  which  fell  within  the  range  of  the  average  normal,  but  demonstrated 
a  decrease  of  1,625  points  below  the  average  resistance  of  the  24  tubercular 
cases.  Case  Xo.  827  showed  a  resistance  of  1 :13,750 ;  an  increase  of  187  points 
above  the  normal  average  of  1 :13,937.  or  a  decrease  of  1,375  points  below 
the  average  for  tuberculous  patients.  The  low  hemoglobin  may  in  part  ac- 
count for  these  findings.  Hence,  lues  in  some  way  reduces  the  resistance  of 
the  red  blood  cells  in  cases  suffering  from  this  disease  in  conjunction  with 
tuberculosis.     (See  Section  Y.) 

Table  III 
Pulmonary  Tuberculosis  and  Bed  Cell  Resistance  to  Sapotoxin 


xo.    CASES 

resistance 

1 :  13,000 

HB. 

All  eases 

24 

1:12,375 

13.1 

82 

Lues  and  pregnancy 

19 

1:12,312 

11.4 

S3 

Tuberculosis  and  lues 

2 

1:13,S75 

1.5.8 

68 

Tuberculosis  and 

pregnancy 

2 

1:10,2.30 

23.3 

S3 

Normals 

18.5 

1:1.'!,937 

10.7 

91 

IV.    TYPHOID  FEVER  AXD  RED  BLOOD  CELL  RESISTANCE 

Conflicting  results  havv  been  reported  relative  to  the  degree  of  resistance  of 
the  red  blood  corpuscles  in  cases  of  typhoid  fever.  The  usual  results  seem  to  be 
about  the  same  as  those  for  normal   individuals.     However,   it  appears  that 
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Tam,e  IV 
Typhoid  Fever  and  Red  Cell  Resistance  to  Sapotoxin 

cases  resistance  1:13,000  hb. 

Ail  stages  of 

Typhoid  fever                          19                             1  :l.'',,ol.'?  10.8  85 

Xormals 1S5                             l:i:!,937  10.7  91 

duriiio;  the  period  of  eonvaleseence  tlicrc  is  a  .slight  iuerea.se  in  the  resistance 
of  the  red  cells,  also  an  increase  in  the  eliolesterol  content  of  the  blood. 

The  resistance  of  the  red  blood  cells  to  sapotoxin  solutions  was  deter- 
mined in  19  positive  cases  of  typhoid.  The  average  resistance  of  the  series 
was  1:13,51;?.  or  an  increase  of  424  points — readings  within  the  imrinal  range 
of  variation.  The  a\erage  time  for  complete  hemolysis  to  occur  in  a  1:13,000 
solution  was  10.8  minutes.  The  average  hemoglobin  was  85  per  cent.  The 
greatest  resistance  shown  was  in  Cases  127  and  297  in  which  the  resistance 
was  1:12,000  in  each.  Both  patients  were  running  high  temperatures  but 
othei-Avise  quite  comfortable.  The  greatest  loss  of  resistance  occurred  in  Case 
763  Avho  Avas  doing  badly  and  soon  died.     His  resistance  was  1:15,750. 

Hemolysis  determinations  at  times  showed  an  increased  resistance  of  the 
cells  during  the  period  of  convalescence :  however,  variations  at  any  time  were 
not  great.  Therefore,  typhoid  fever  appears  to  alter  but  little  the  resistance 
of  the  red  blood  cells  to  the  laking  action  of  sapotoxin  solutions.  Condi- 
tions complicating  typhoid  fever  seem  to  alter  the  resistance  of  the  red  cells, 
but  no  definite  conclusions  could  be  derived  from  our  study.     (Table  IV.) 

V.    SYPHILIS  AND  THE  RESISTANCE  OF  THE  RED  BLOOD  CELLS 

The  resistance  of  the  red  blood  cells  to  sapotoxin  solutions  Avas  deter- 
mined in  (51  cases  of  syphilis.  The  average  resistance  in  34  positive  cases 
prior  to  medication  was  1:14,699,  or  762  points  lower  than  the  average  normal. 
Fifty-six  determinations  made  upon  23  patients  under  mercurial  treatment 
alone  gave  an  average  red  cell  resistance  of  1:13,659.  This  represents  an 
increase  of  1,()4()  points  over  the  average  untreated  patients  and  278  points  in- 
creased resistance  over  the  average  normal.  The  average  resistance  of  24 
determinations  upon  positive  cases  of  syphilis  under  a  treatment  of  mercury 
and  iodides  was  1:14.750.     The  addition  of  iodides  to  the  treatment,  therefore 

Table  V 
Syi'hii.is  AM)  Red  Cell  Resistance  to  Sapoto.xin  Solutions 

cases  resistance  1:13,000  ns. 

Positive  lues 

no  treatment  3+  1:14,699  10.2  82 

On  mercurials  •')•)  1:13,659  14.0  88 
On  mercurv  and 

Iodides  "  13  ]:14,7.-)0  10.7  84 

On   Iodides  11  1:13,977  9.4  86 

Average  114  1:14,:271  11.7  86 

CO.NTKOLS  ox   PI)T.\SSU'.M    KIllIDE   1.")   .M.   S.\T.   SOL.  THREE  TIMES  A  DAY 

Normal  4  1:14.62",  11.2  00 

On   Iodides  4  1:15,375  14.6  90 

Xormal  185  1:13,9.37  10.7  91 
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caused  a  decrease  of  1,01)1  points  in  the  resistance  of  the  bhiod  cells  below  the 
averag-e  during  mercurial  treatment  alone,  or  a  reduction  of  813  points  below 
the  normal  average.     (Table  V  and  Fig.  3.) 

The  effect  of  potassium  iodide  on  the  red  cell  resistance  was  determined  on  4 
normal  non-luetic  persons.    Tiiese  four  cases  received  1.")  mm.  three  times  a  day  for 
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NORMAL  NO    TREATMENT       MERCUSY  HG.ANDKI  Kl 


=;STRENGTH  OF  SAPOTOXIN    SOL.  REQUIRED   TO    LAKE    CELLS   INSMIN. 


LAKING    TIME  WITH  n3.000     SOLUTION   OF  SAPOTOXIN 
I 1 I 

Fig.  3.— Curves  showing  the  effect  of  muicuiy  and  the  loaides  on  the  resistance  of  the  reJ  cells 
of  syphilitics.  The  results  of  salivation  in  two  cases  are  shown  by  curves  so  indicated.  The  remaining 
curves  represent  the  average  reactions  of  all  cases  studied  under  the  various  treatments. 
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two  days.  Tlir  (Iclci-iiiiiuitioiis  witc  made  truiii  two  tn  three  hours  aft?r  the  last 
dose.  The  avcraiic  uoniial  resisfance  of  lliese  men  was  1:14,625 — 698  points 
below  the  averau'e  normal.  Detcniiiiiat  ions  made  after  the  medication  gave 
a  decrease  of  T.IO  poinis  in  the  i-esistain-e  (U'terminations.  The  average  hemo- 
globin delerniiiial  ion  was  !)()  j)er  eenl.  Ileiiee  the  experimental  nse  of  iodides 
resulted  the  same  <is  in  luelie  cases  follow  iiiij-  tile  administration  of  mel'- 
curials. 

VI.     LEAD  POISONING 

Seven  cases  of  lead  poisoning  ga\e  an  a\erage  resistance  of  1:14,321. 
Five  of  these  cases  were  receiving  belladonna  and  magnesium  sulphate 
treatment;  these  gave  an  average  resistance  of  1:14,321  solution.  The  2  cases 
untreated  averaged  a  resistance  of  1:13,125,  or  812  points  greater  than  the 

normal  a\erage. 

VII.    .lArNDICE   AND   THE   RESISTANCE   OF   THE   RED   BLOOD    CELLS 

Chauffard''  working  with  Ribierre's  method  for  the  determination  of  the 
resistance  of  the  red  cells  to  hypotonic  .salt  solutions,  found  that  obstructive 
jaundice  eould  be  differentiated  from  other  types,  designated  by  him  as  "hem- 
olytic"', by  the  fact  that  in  obstructive  jaundice  the  resistance  of  the  red 
cells  was  raised,  while  in  hemolytic  jaundice  it  was  lowered.  He  also  reports 
that  the  red  cells  show  a  lessened  resistance  in  pernicious  anemia  with  jaundice, 
and  in  the  so-called  "Hereditary  jaundice  of  Minkowski".  According  to  Soni- 
mer"  the  red  cell  resistance  is  definitely  lowered  in  diseases  accompanying 
elevated  blood  pressure,  and  especially-  in  hemolytic  icterus. 

Hypercholesteremia  is  invariably  jncsent  in  cases  of  cholelithiasis.  Gor- 
ham  and  Myers'-'  found  the  cholesterol  content  to  vai'v  in  such  cases.  Cases 
of  congenital  jaundice  show  a  marked  lowering  of  the  cholesterol  content 
of  the  blood.  De  Langen"  re|)orts  that  gallstone  complaints  are  seldom  seen 
among  the  Javanese  and  that  the  cholesterol  content  of  the  blood  is  only  one 
half  the  quantity  found  in  iMiropean  blood.  The  bile  also  has  a  low  choles- 
terol content. 

Unquestionably  the  li\-er  and  spleen  in  niaiiiiiiMls  in  some  May  aid  in  the 
destruction  of  i-ed  I'clls.  llowe\er,  the  removal  of  the  spleen  does  not  jire- 
vent  the  format  ion  of  bile  ])ignu'nts.  The  bile  pigments  are  derived  from 
hemoglobin:  hence,  it  ajipears  that  alterations  in  the  functioning  of  the  liver 
give  rise  to  alterations  in  the  resistance  of  the  erythrocytes  to  hemolytic 
agents.  Certainly  one  of  the  functions  of  the  liver  is  to  keep  the  various  con- 
stituents of  the  altered  red  cells  innoxious  for  blood  cell  sti-oma  and  hemato- 
porphyrins  are,  in  themselves,  toxic  and  hemolytic  in  natui-e.  If  the  bile 
ducts  are  ligated,  bile  pigment  and  other  salts  i-ajiidlv-  aecumnlate  in  the  blood 
of  mammals  and  birds,  on  the  other  hand,  ligation  of  the  jxirtal  vein  and 
hepatic  arter.\-  does  not  i-esidl  in  an  aceniiiiilat  ion,  and  bile  pigments  do  not 
occur  in  the  urine.  .\ny  means  whiidi  Icjids  to  the  setting  free  of  hemoglobin 
in  the  blood  causes  an  inci'easi'  in  I  he  excretion  of  bile  pigments.  Injection 
(>(  certain  cheiincals  and  iidialalions  of  :irscninreted  liydrogen  cause  nnirked 
licMHiIysis,   which    iriay   1 ai'ricd    to   the   point    ol'   hcnioulobinnria    ami   an    in- 
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crease  in  tlie  seeretidii  of  bile.  Injections  of  lieinojilohiii  produce  tlie  same 
results.  Henci'.  red  cell  destruction  means  increased  bile  iii<;m''nt  formation, 
and  if  for  any  reason  the  flow  of  Ijile  from  tlie  ducts  is  hindered,  the  liver  is  no 
longer  able  to  rid  itself  of  its  own  action  and  jaundice  results. 

Jaundice,  however,  appears  to  result  because  of  two  widely  different 
causes;  (a)  bj-  occlusion  of  the  bile  passages,  and  (111  by  specific  hemolytic 
processes.  Perhaps  the  underlying  causes  are  the  same  in  both  cases.  Hemo- 
lytic jaundice  may  be  the  result  of  accumulation  of  materials  in  the  blood 
in  excess  of  the  power  of  the  liver  to  properly  care  for  them  in  the  manufac- 
turing of  bile.  The  cholesterol  metabolism  is  at  fault,  and  this  allows  the  un- 
checked action  of  hemolytic  agents  upon  the  red  blood  cells.  The  cholesterol 
of  the  bile  may  be  in  part  derived  from  the  food  and  in  part  from  the  de- 
stroyed blood  cells.  However,  the  bile  is  able  to  dissolve  more  cholesterol  than 
is  usually  found  in  it.  This  power  of  solution  of  bile  depends  on  the  presence 
of  bile  salts  and  specifically  upon  the  eholic  acid  radicle  of  the  salts.  The  cholic 
acid  portion  of  such  salts  is  closely  associated  with  cholesterol,  and  because  of 
this  the  cholesterol  is  maintained  in  solution.  Bile  salts  are  in  themselves 
hemolytic  and  act  similar  to  the  saponins  which  form  easily  dissociable 
compounds  with  cholesterol.  Therefore,  it  is  probable  that  cholesterol  unites 
in  a  similar  way  with  the  hemolytic  group  of  the  bile  salts  thereby  foi-ming  a 
soluble  compound  in  the  bile.  If  such  is  true,  the  accumulation  of  bile  salts 
and  a  reduction  of  cholesterol  may  l)e.  in  part,  at  least,  the  cause  of  certain 
types  of  jaundice. 

The  average  resistance  of  the  red  blood  cells  as  determined  by  31  tests 
upon  27  jaundiced  patients  was  a  1:12,685  sapotoxin  solution.  This  gives 
an  average  increased  resistance  of  1,252  points  above  the  average  normal 
(Table  VI).  The  average  hemoglobin  was  79  per  cent.  It  was  found  practi- 
cally impo.ssible  to  determine  the  time  for  complete  hemolysis  in  a  1:13,000 
solution.  Usually  the  blood  coagulated  and  hemolysis  was  siispended;  this  was 
especially  true  for  blood  drawn  from  patients  with  gallstones.  The  average 
for  19  such  determinations  was  '^'y  minutes.  This,  however,  cannot  be  consid- 
ered as  at  all  accurate. 

Fifteen  positive  cases  of  gallstones  gave  an  average  resistance  of  1:10,033, 
or  an  increase  above  the  average  normal  of  3,904  points. 

Five  cases  of  hemolytic  jainidice  gave  an  average  resistance  of  1:18.600 
or  a  decreased  resistance  of  4,663  points  below  the  average  normal  and  8,567 
points  below  the  average  for  obstructive  jaundice  cases. 

Eleven  miscellaneous  cases  of  jaundice  not  definitely  diagnosed  gave  an 
average  resistance  of  1:13,182.  The  variations  in  resistance  were  great  in  this 
series  of  cases. 

Four  cases  of  cirrliosis  of  the  liver  gave  an  average  resistance  of  1:14,500, 
— 563  points  below  the  normal  average. 

The  red  cells  from  4  patients  suffering  from  obstructi\e  jaundice  when 
washed  gave  an  average  re'^istance  of  1 :36,750  sapotoxin  solution.  The  average 
resistance  of  12  determinations  made  upon  blood  from  normal  individuals 
was  1:37,375.    Hence,  there  is  but  little  difference  in  the  resistance  of  washed 
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cells  whether  taken  from  normal  or  jaundieed  cases.  However,  red  cells 
exposed  to  their  own  blood  fluids  show  a  great  degree  of  resistance  in  cases 
of  obstructive  jaundice  (1:10,033).  The  relation  of  the  blood  fluids  to 
the  resistance  of  the  red  cells  is  shown  graphically  in  Table  VII.  From 
the  table  it  will  be  noted  that  the  washed  red  cells  of  Case  X  when 
placed  in  the  serum  of  Case  Y  offered  a  greater  resistance  than  when  placed 
in  their  own  serum.  On  the  other  hand,  the  washed  cells  of  Case  Y  when 
suspended  in  the  serum  of  Case  X  which  contained  less  cholesterol  offered 
a  less  resistance  to  sapotoxin  than  when  placed  in  their  own  serum.  Hence,  the 
contents  of  the  blood  fluid  acts  as  an  antihemolytic  agent.  In  the  case  of 
obstructive  jaundice  it  appears  that  the  increase  in  the  cholesterol  content  of 
the  blood  fluid  is  responsible  for  the  great  increase  in  resistance  of  the  red 
cells  against  sapotoxin  solutions. 

T.\BLE  VI 
JA.UNDICE  AND   EeD   CeLL   ReSIST.\NCE   TO    SAPOTOXIN    SOLUTIONS 

VARIATION     IN 

TYPE  CASES  RESISTANCE  1:13,000  HB.  RESISTANCE 


Normals 

1.S5 

1:1.3,9.S7 

10.7 

91 

All  Types 

:a 

1:12,085 

5.5.0 

79 

+  1,252 

Oljstructive 

1.^ 

i:io,ii:;3 

? 

84 

+  3,904 

Hemolytic 

5 

1 : 1  S.fiOO 

6.8 

81 

-4,663 

Ge7ieral 

11 

1:1:1,182 

? 

+     755 

•.'irrliosis 

4 

1:14,.300 

15.8 

77 

-     563 

Table  VII 

BELATION  of  THE   BLOOD   FLUIDS   TO   RESISTANCE   OF  THE   EED    CELLS 


EXP.  NO. 

RESISTANCE 
OF    CELLS   IN 
yV'HOLE   BLOOD 

WASHED    CORPUSCLES 
DILUTED    1:1           DILUTED    1:1 
WITH    XaCl              ■WITH    OWN 
SOLUTION                      SERUM 

DILUTED    1  : 1 

WITH    SEIUM 

OF  OPPOSITE 

BLOOD 

CHOLESTEROL 

X. 

Y. 
Difference 

1:12,750 

1:  9,000 

3,750 

1:38,000 

1:. 34,000 

4,000 

1:13,750 

1:11, .500 

2,250 

1:10,750 

1:17,500 

6.7.50 

166 
292 
126 

Case 
Case 

X 

Y 

was  suffering 
was  suffering 

fr 
fr 

om  a  slight  attack 
oni  a  severe  attacl 

of  gastritis. 
L  of  obslnu-tive 

iaundice. 

Vin.    ANEMIA  .\ND   THE  RESISTANCE  OP   THE  RED  BLOOD   CELLS 

The  lowered  resistance  of  the  red  blood  cells  in  pernicious  aiieinia  has 
been  appreeiMted  fur  a  long  time.  Ill  other  forms  of  anemia  conflicting 
rejioits  have  ajipeiired  relative  to  the  red  cell  resistance.  In  secondary  anemias 
the  resistance  to  salt  solutions  is  raised.  ".Vnemia"  in  ilselt'  ineans  mily  tliat 
the  number  of  red  cells  per  given  volume  or  their  lieniogloliiii  conieiit  is  de- 
ci'cascd.  The  causes  o)'  anemia  are  maii>-,  lieiiee,  the  faeldi-s  giving  rise  to 
this  condition  are  of  mcire  importance  from  tiic  clinical  staiulimiiit  than  the 
mere  redudion  in  the  eell  (•(uini  (ir  the  degree  of  hemniiloliiii.  Anemias  are 
associated  ^^i1h  numy  diseases  and  their  causative  faetnrs.  it  seems,  should 
determine  the  lilmid  cell  i-cactions  to  hemolytic  agents.  Furthermore,  the 
chemistry  of  the  lilood  in  eases  of  anemia  determine  the  degree  of  resistance 
to  lakiiiir  agents,   for  the  red  cells  iinist    of  necessity   remain   aiijiroximately 
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normal  in  order  to  exist  as  cells.  Also,  a  process  of  cell  destruction  is  con- 
tinnally  at  work  in  the  normal  blood  stream,  hence  altei-atious  in  the  blood 
chemistry  may  permit  the  hemolytic  agents  normally  present  unopposed  play 
upon  the  red  cells  resulting  in  their  untimely  destruction.  Oleic  acid  in  excess 
in  the  blood  stream  acts  as  a  powerful  hemolytic  agent.  A  continued  action  of 
such  an  acid  must  of  necessity  result  in  an  anemia. 

The  M'ork  on  the  cholesterol  content  of  the  blood  seems  to  throw  some 
light  on  the  probable  cause  of  the  various  degrees  of  resistance  shown  by 
the  red  cells  in  different  types  of  anemia.  In  pernicious  anemia  there  is  a 
definite  reduction  in  the  cholesterol  content  of  the  blood.  Dennis^-  reports 
that  the  removal  of  the  spleen  results  in  an  increased  cholesterol  content  of  the 
blood  in  every  case,  but  that  there  is  no  change  in  the  fat  content  of  the  blood. 
The  excellent  works  of  Bloor^  have  shown  that  the  lipoid  value  of  the  blood  in 
anemia  is  normal  as  long  as  the  percentage  of  blood  corpuscles  remains  above 
one-half  the  normal  number  per  volume.  Whenever  the  percentage  drops 
below  this  level  abnormalities  appear,  which  in  the  order  of  their  magnitude 
and  occurrence  are:  (1)  high  fat  in  plasma;  (2)  low  cholesterol  in  plasma  and 
occasionally  in  the  corpuscles;  (3)  low  lecithin  in  the  plasma.  These  results, 
it  is  true,  offer  no  certain  evidence  that  abnormalities  in  the  blood  lipoids 
are  responsible  for  anemia,  however,  the  low  value  for  cholesterol  which  is 
an  antihemolytie  substance,  and  the  high  fat  fraction  which  may  indicate 
the  presence  of  abnormal  amounts  of  hemolytic  lipoids  in  the  blood  may  be 
considered  as  possible  causative  factors  in  the  production  of  anemia.  Such 
argument  is  supported  by  the  increase  in  cholesterol  of  the  blood  following 
splenectomy  in  eases  of  anemia. 

Inasmuch  as  cholesterol  is  known  to  act  as  an  antihemolytie  agent  against 
sapotoxin,  the  varying  degrees  of  resistance  offered  by  the  red  blood  cells  in 
eases  of  anemia  may  be  assumed  to  depend  upon  the  degree  of  protection  of- 
fered by  the  serum  to  the  cells  during  the  presence  of  a  hemolytic  agent. 
Such  a  suggestion  seems  probable  in  the  light  of  our  present  results. 

Cases  showing  a  reduction  in  the  red  cell  count  demonstrated  varying 
degrees  of  resistance  to  laking  agents.  The  average  resistance  of  43  such 
eases  demonstrated  a  resistance  to  sapotoxin  of  1:13,889,  practically  normal. 
The  average  red  cell  count  was  3.022.553.  The  average  hemoglobin  was  55  per 
cent. 

T.\BLE  VIII 

AXEMIA  AND  THE  ReSISTAXCE  OF  THE  EeD  BLOOD  CeLLS  TO  SAPOTOXIN 

ANEMIA  CASES  RESISTANCE  1  : 1.3,000  SB.  RED    COUNT 

Pernicious  8  1:1.3,063  Ko 

Cardiorenal  S  .1:12,312  8..3 

{Syphilis  7  1:15,750  10.4 
Hemolytic 

Jaundice  4  1:17,125  7.7 

Carcinoma  5  1:12,190  17.3 

Tuberculo.sis  4  1:13,250  13.4 

Undetermined  7  1:13,040  16.0 

All  cases  43  1:13,889 

Normals  185  1:13,937  10.7 


35 

1,135,000 

60 

2,570,875 

58 

3,936,000 

58 

3,050,000 

51 

2,796,000 

60 

4,263,333 

5S 

3,406,666 

O.J 

3,022,553 

01 

Not  determined 
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Anemias  seem  to  divide  into  three  types,  those  with  a  high  resistance, 
tliose  witli  ]iraetieally  normal  resistanee  and  tiiose  witli  K)\v  resistance  (Table 
YIID. 

The  averafre  resistance  of  8  cases  of  pernicious  anemia  was  1:15,063,  or 
a  reduction  from  the  average  normal  of  1,126  points.  Eight  cases  of  anemia 
associated  with  cardiorenal  diseases  gave  an  average  of  1:12,312;  a  resistance 
2,751  points  greater  than  for  pernicious  anemia.  The  average  resistance  of 
7  luetic  cases  was  1:15,750  or  a  reduction  of  1,813  points  below  the  average 
normal.  Four  cases  of  hemolytic  jaundice  with  low  red  cell  counts  gave  an 
average  resistanee  to  sapotoxin  of  1:17,125  or  a  reduction  of  3,188  points 
below  the  average  normal.  Five  carcinoma  cases  with  low  cell  counts  gave 
an  average  resistance  of  1 :12,190  or  an  increased  resistance  of  1,747  points 
over  the  average  normal.  Tuberculous  patients  (4)  showing  low  cell  counts 
gave  an  average  resistance  to  sapotoxin  solutions  of  1 :13,250  or  687  points 
greater  than  the  normal  resistance.  The  remaining  9  eases  showed  a  reduction 
in  the  red  cell  count  from  undetermined  and  various  causes.  The  average  re- 
sistance for  these  cases  was  1 :13,040  or  an  increase  over  the  average  normal  of 
897  points. 

IX.    CARDIORENAL     DISTURBANCES    AND    RED     CELL    RESISTANCE 

Arterial  hypertension  is  often  accompanied  by  an  increased  resistance  of 
the  red  cells.  A  similar  increased  resistance  has  also  been  reported  for  nephri- 
tis and  diabetes.  In  eclampsia  the  resistance  is  markedly  increased  to  aniso- 
tonic  salt  solutions  and  to  saponins. 

Cholesterol  remains  normal  or  is  increased  in  nephritis  (Gorham"),  how- 
ever, cholesterol  combined  as  esters  is  low.  Bloor^  has  found  that  in  severe 
nephritis  there  is  a  high  content  of  fat  in  the  plasma  and  corpuscles,  and  an 
increased  amount  of  lecithin  in  the  corpuscles.  The  cholesterol  content 
remains  essentially  nornuil.  Similar  cimditions  are  found  in  alimentary  lipemia. 
Inasmuch  as  an  alkalinity  of  the  blood  and  tissues  is  necessary  for  their  nor- 
mal functioning,  it  seems  probal)l('  tliat  tiie  relation  of  fat  assimilation  found  in 
nephritis  is  one  manifestation  of  a  general  phenomenon  brought  about  by 
a  decreased  lilooil  and  tissue  alkalinity.  The  observations  of  De  Langen  are 
of  interest."  lie  rejioi-ts  that  the  Javanese  peoples  show  about  one  half  the 
cholesterol  value  of  the  lilond  as  do  the  Europeans.  Gall  bladder  trouble, 
diabetes  and   chronic   ne])hri1is   is   I'arc   among  these  peoples. 

Twelve  eases  of  nei)hritis  gave  an  average  resistance  of  1:13,958  (Table 
IX).  The  average  hemoglobin  was  79  per  cent.  The  average  findings  for 
chemical  analyses  of  the  blood  of  these  patients  was  urea  nitrogen  76.8,  uric 
acid  6.21,  ereatinin  5.30,  .sugar  0.127  and  carbon  dioxide  30.7. 

Five  cardionei)hritic  cases  gave  an  average  resistance  of  1  :  14.. ■>()()  (ir  a 
reduction  of  563  points  below  the  normal  average.  Tiie  chemical  analysis  of 
the  blood  of  these  iiatients  was  ui'ca  nitrogen  24.5.  uric  acid  3.50,  ci'catinin 
1.82,  sugar  0.15(i  and  cailioii  dioxide  55.0. 

Two  cases  ol'  diabclic  coma  averaged  a  rt'sistance  of  1:13.500.  Tiie  iiemo- 
globin  was  88  per  i-ent   and  iilood  sugar  1.700. 
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T.1BLE  IX 

Kidney  Diseases  and  the  Resistance  of  the  Red  Cells  to  Sapotoxin 


DISEASE 

cases 

RESISTANCE 

1:13,000 

HB. 

RESISTANCE 
VARIATION 

Nephritis 
Cardionephritis 

12 

1:13,958 

17.5 

79 

Normal 

5 

1:14,500 

10.3 

84 

-  563  points 

Eclampsia 

2 

1:10,500 

20.4 

83 

+  3,437  points 

Uremia 

o 

1:14,050 

1G.7 

85 

Normal 

Diabetes 

*"> 

1:13,500 

14.0 

88 

+  437  points 

Calcimn  Chloride* 

15 

1:13,950 

-- 

90 

Normal 

Ammonium 

Chloride* 

15 

1:13,317 

-- 

90 

+  620  points 

tJrea* 

6 

l:ll',(;(i6 

24.6 

90 

+  1,271  points 

Normals 

185 

1:13,937 

19.7 

91 

•Average   of   all   determinations  while   on   drug. 

Five  eases  of  uremia  gave  an  average  resistance  of  1:14,050.  The  hemo- 
globin averaged  85  per  cent.  Chemical  analyses  of  the  blood  showed  a  urea 
nitrogen  content  of  16.5  and  carbon  dioxide  of  58. 

Two  cases  of  eclampsia  demonstrated  a  resistance  of  1:10,500  or  an  in- 
crease in  the  red  cell  resistance  of  3,437  points  above  the  average  normal. 

The  addition  of  1  to  3  minims  of  a  1  per  cent  solution  of  urea  causes 
the  resistance  of  normal  red  cells  to  become  increased.  Three  determinations 
on  the  normal  blood  gave  an  average  resistance  of  1:14,000,  hemoglobin  90; 
time  for  complete  hemolysis  to  occur  in  a  1:13,000  solution  12  minutes.  The 
average  resistance  of  6  determinations  to  which  urea  solutions  had  been  ap- 
plied was  a  resistance  of  1:12,666;  complete  hemolysis  24.6  minutes;  hemoglobin 
90  per  cent. 

The  effect  of  calcium  and  ammonium  chloride  uijon  red  cell  resistance  was 
determined  in  15  cases  each  (Table  IX).  The  average  resistance  of  the  red 
cells  in  the  calcium  experiment  was  1 :13,950.  The  average  hemoglobin  was 
90.  The  first  day  following  the  taking  of  60  grains  of  calcium  chloride  the 
resistance  was  1:13,300;  the  second  day  1:13,700  and  the  third  day  1:14,100. 
Calcium  chloride,  therefore  has  little  or  no  effect  upon  the  resistance  of  the 
red  cells  to  sapotoxin  solutions.  The  average  of  15  cases  was  1:12.900.  The  first 
day  following  the  ingestion  of  45  grains  of  ammonium  chloride  resulted  in  an 
increased  resistance  of  1,037  points  above  the  normal  average.  The  second 
day  the  resistance  was  1:13,000,  an  increase  of  937  points  and  the  third, 
1:14,900.  Therefore,  ammonium  chloride  causes  an  increase  in  the  resistance 
of  the  red  blood  cells  immediately  following  its  administration,  however,  re- 
sistance is  not  permanently  influenced  by  ammonia,  for  on  the  third  daj-  the 
resistance  is  back  to  normal. 

X.    ilALIGXAXT   GROWTHS   AXD    THE   RESISTANCE   OF    THE   RED    BLOOD    CELLS 

The  resistance  of  the  red  cells  may  or  may  not  be  reduced  in  cases  of 
malignancy. 

Gorham  and  Myers^^  state  that  a  condition  of  hypocholesterolemia  is 
found  in  the  cachexia  of  malignancy  and  all  anemias  of  the  pernicious  type. 
Bloor  and  Knudson'  have  shown  that  in  normal  blood  there  is  a  constant  re- 
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lation  l)('t\\ei'n  the  free  cholesterol  and  ciiolesterol  esters.  In  wliole  Ijlood  the 
averag:e  pereentage  of  cholesterol  in  combination  as  esters  is  about  33.5  per 
cent,  in  plasma  58  per  cent  of  the  total  cholesterols.  In  pathologic  conditions 
the  i-elation  between  free  and  bound  cholesterol  remains  normal  in  all  cases 
except  carcinoma  and  most  cases  of  nephritis,  in  both  of  which  the  per  cent 
combined  as  esters  is  low.  Liiden"  has  shown  that  the  the  cholesterol  content 
of  the  blood  may  be  iuei-eased  by  diet  also  that  a  cholesterol  increase  results 
in  a  coincident  weakening  of  the  lymphoid  defense.  Hence,  a  decrease  in  the 
lymplioid  defense  accompanied  by  an  increase  in  cholesterol  may  act  as  a  pre- 
disposing factor  in  the  production  of  cancer. 

The  resistance  of  red  blood  cells  in  19  eases  of  malignant  growths  of 
various  parts  of  the  body  gave  an  average  resistance  of  1 :13,079.  This  i-ep- 
resents  an  increased  resistance  of  858  points  above  the  normal  average.  The 
average  time  required  for  complete  laking  in  a  1 :13,000  solution  was  16  minutes. 
The  greatest  individual  resistance  (Case  No.  890)  1:9,000  was  found  associated 
with  a  carcinomatous  gall  bladder.  The  lowest  resistance — 1:14,500 — (Case 
No.  537)  was  shown  by  one  sufifering  from  visceral  growths  and  syphilis. 
The  average  hemoglobin  of  the  19  cases  studied  was  78  per  cent.    Hence,  there 

Table  X 
Malignant  Growths  and  Bed  Cell  Resistance 

CASES  resistance  1:13,000  HB. 

19  1:13,079  Tiu)  7S 
Xormals  1S5  1:13,937  10.7  91 
Difference ^    858 5^3 13 

is  a  slight  increase  in  the  resistance  of  the  red  1)lood  cells  in  cases  of  malig- 
nant growths.  However  there  is  no  constancy  in  the  determinations;  other 
pathologic  conditions  greatly  alter  the  results.  However,  the  early  eases 
of  carcinoma  did  show  a  higher  degree  of  resistance  in  the  red  cells  than  in 
those  eases  associated  with  anemia  or  marked  cachexia  (Table  X). 

SUMMARY   AND   CONCLUSIONS 

/.  I'r((/ii(iiirii  is  associated  with  an  increased  resistance  of  the  red  cells  to 
sa])iit().\in.  At  the  time  of  delivery  the  blood  cells  show  their  greatest  or  max- 
imal resistance  to  the  action  of  sapotoxin.  Immediately  following  parturition 
the  resistance  of  tlic  ciyt  liiocytes  begins  to  diminish  and  upon  the  12th  day  has 
materially  rrt  ni-iicd  towanl  llic  iKunial.  llemoglol)in  determinations  vary 
but  sliglilly  during  the  lattri-  part  cif  prrgiiancy  and  imnu'diately  following 
parturit  iini.  Tlie  increase  in  IiIcmmI  cIkiIcsI  itoI,  ina>'  in  part  account  for  the 
rise  in  rcil  cell   resistance  to  sapdidxin. 

//.  Miiliiriii  as  sucli  does  ndl  appear  1o  lnwcr  tlic  resistance  of  the  red  blood 
ci)ri)usclcs  to  sa]iiito\in.  The  adniiiiist  ral  ion  of  (luiiiinc  causes  a  decrease  in 
the  resistance,  ihis  decrease  lasting  llir(iui:liciut  the  jjcriod  of  quinine  ad- 
ministration. .\onmalarial  eases  fail  to  show  any  constant  deviation  from 
the  normal  average  resistance  eitlier  during  the  taking  of  quinine  or  following 
its  withdi'awal.  Hence  the  loss  of  resistance  on  the  jiart  of  malarial  lilood  fol- 
lowing the  aiiniiiiisl  ral  inn  nl'  ipiiniiu'  is  cliaraclerisl  ic  of  Hi;daria  ]ilus  quinine. 
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That  is,  quinine  appears  to  act  in  useh  a  manner  as  to  bring  about  a  weakened 
resistance  in  malarial  cells.  Therefore  the  assumption  may  be  made  that  quinine 
aids  in  the  destruction  of  the  red  cells  carrying  the  Plasmodium  of  malaria. 
The  low  cholesterol  content  of  the  blood  also  predisposes  to  the  hemolytic 
substances  present  during  malaria. 

///.  Pulmonary  Tuberculosis  tends  to  increase  the  resistance  of  the  red  blood 
cells  to  the  hemolj-tic  action  of  sapotoxin.  Pregnancy  in  such  ca.ses  accentuates 
the  effects  of  tuberculosis.  Tuberculosis  complicated  with  syphilis  tends  to 
bring  about  a  depression  in  the  resistance  of  the  red  cells. 

IV.  Typhoid  Fever  appears  to  alter  but  little  the  resistance  of  the  red  cells. 

V.  In  Syphilis — positive  Wassermann — the  resistance  of  the  red  cells  is  less 
than  that  for  the  average  normal.  The  administration  of  mercury  alone  tends  to 
increase  the  resistance.  The  addition  of  iodides  to  the  mercurial  treatment  causes 
a  reduction  in  the  resistance  of  the  red  cells  for  several  days :  the  effects  cannot 
be  maintained.  Luetic  patients  on  iodides  alone  show  but  little  change  in  the 
resistance  of  the  red  cells. 

TV.  Lead  Poisoning  may  bring  about  an  increased  resistance  of  the  red  cells 
to  sapotoxin  solutions. 

VII.  Jaundice  and  blood  cell  resistance  appear  to  bear  no  constant  relation- 
ship, that  is,  jaundice  as  such  is  in  no  way  an  indication  of  blood  cell  resistance. 
Obstructive  jaundice  causes  a  marked  increase  in  the  resistance  of  the  blood  cells, 
on  the  other  hand,  hemolytic  jaundice  is  associated  with  a  marked  decrease 
in  the  resistance  of  the  erythroc^-tes.  Other  types  of  jaundice  may  or  may  not 
be  associated  with  variations  in  the  resistance  of  the  red  cells.  The  relation  of 
blood  cholesterol  to  red  cell  resistance  is  such  as  to  lead  to  the  assumption  that 
cholesterol  is  a  depres.sant  to  the  hemolytic  action  of  sapotoxin. 

VIII.  Anemia  associated  with  lues  and  hemolytic  jaundice  shows  a  les- 
sened degree  of  resistance  of  the  red  cells  to  sapotoxin.  The  red  cells  in 
anemias  associated  Avith  or  caused  bj-  carcinoma,  tuberculosis,  obstructive 
jaundice  and  some  cases  of  pernicious  anemia  show  an  increased  resistance  to- 
wards hemolytic  agents.  Anemia  as  such  does  not  appear  to  affect  the  red 
cell  resistance,  something  more  than  a  mere  reduction  in  the  number  of  cells 
determines  the  degree  of  the  resisting  power  of  the  red  blood  cells. 

IX.  Cardiorenal  Diseases.  Arteriosclerosis  is  associated  usually  with  an 
increa.sed  resistance  of  the  red  cells  to  sapotoxin.  Diabetic  coma  and  uremic 
conditions  in  general  are  not  associated  with  marked  alterations  of  the  red 
cell  resistance.  Cases  diagnosed  as  nephritis  give  normal  resistance  reactions, 
however,  cases  diagnosed  as  cardionephritics  seem  to  show  some  slight  degree 
of  reduction  of  resistance.  The  addition  of  urea  solutions  to  red  cells  tends 
to  increase  their  resistance.  Calcium  chloride  administered  by  mouth  does 
not  affect  the  red  cell  resistance.  The  taking  of  ammonium  chloride  by  mouth 
tends  to  increase  the  resistance  of  the  cells  for  a  short  period  only.  The 
resistance  retiu-ns  to  normal  even  during  the  administration  of  the  drug.  The 
relation  of  cholesterol  in  tlie  blood  in  eardionephritic  cases  to  the  resistance 
of  the  red  cells  is  striking.  The  increased  lecithin  in  the  corpuscles  of  severe 
nephritis,  however,  leads  one  to  suspicion  the  validity  of  this  relation.    How- 
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t'vei',  the  iiRTcascil  cliolesterol  of  the  scniiu  iiuiy  Ix'  sufficient  to  jJiMteet   the 
cells  in  spite  of  tlie  increased  lecitiiin  cnntent. 

X.  Malignant  Groirtlis  assucii  do  nut  apiiear  to  alter  the  red  cell  resistance; 
there  is  no  constancy  in  tiie  detiTnnnal  ions.  Ii(i\\c\-ci',  the  early  cases  of  carci- 
noma show  a  slijihtly  hiijher  resistance  than  cases  associated  with  anemia  or 
cachexia. 

XI.  The  Cholesterol  content  of  tlie  blood  appears  to  run  parallel  to  the 
degree  of  resistance  of  the  red  cells  to  sapotoxin  solutions.  A  high  (-holcstcrid 
content  of  tlie  hlood  is  associated  with  a  high  degree  of  resistance  of  the  red 
cells  when  they  are  surrounded  with  serum.  A  low  cholesterol  content  is 
associated  with  a  reduced  resistance  of  the  cells. 

XII.  Therefore,  the  resistance  of  the  red  cells  to  sapotoxin  solutions  \aries 
in  different  diseases  and  this  variation  is  intimately  associated  with  alterations 
in  the  metabolism  of  cholesterol. 
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LABORATORY  METHODS 


A  SYSTEM  OF  LABORATORY  EXAMINATIONS  AND  RECORDS^: 


By  Johx  a.  Koljier,  M.D..  Philadelphia,  Pa. 


THE  following  system  of  making  and  filing  requests  and  repoi-ts  for  lab- 
oratory examinations  has  been  gradually  eonstriieted  and  found  uniformly 
satisfactory  in  the  wards  and  dispensaries  of  the  Polyclinic  and  ]Medieo-Chirur- 
gieal  hospitals  of  the  Graduate  School  of  ]Medieine  of  the  University  of  Pennsyl- 
vania. 

The  problem  of  constructing  an  efficient  sy.stem  is  frequently  troublesome 
and  probably  no  single  system  will  meet  all  conditions  in  individual  institutions ; 
the  essential  requirements  which  I  have  had  in  mind  in  piecing  together  the 
present  system  have  been  as  follows : 

1.  A  means  for  making  recpiests  for  laboratory  examinations  in  writing  with 
the  minimum  of  time  and  work.  This  condition  has  been  met  by  adopting  a  re- 
quest card  devised  by  Dr.  C.  Y.  White,  which  the  physician  can  fill  out  in  a  few 
minutes. 

2.  A  means  for  furnishing  the  laboratoiy  with  some  clinical  data  in  the 
interests  of  more  intelligent  work  and  cooperation.  This  condition  is  fulfilled 
by  the  same  request  card. 

3.  A  means  for  returning  a  report  to  the  hospital  or  out-patient  clinic  and 
making  a  duplicate  for  filing  in  the  laboratory  with  the  minimum  of  time  and 
\\ork. 

4.  A  means  for  recoi'ding  the  results  of  laboratory  examinations  on  the 
history  of  each  patient  in  such  manner  as  permits  binding  and  avoids  too  much 
bulk. 

5.  A  system  for  filing  and  recording  duplicate  reports  in  the  laboratory 
readil.y  accessible  and  facilitating  the  compilation  of  weekly,  monthly  or  yearly 
reports  with  a  minimum  of  work  and  trouble. 

6.  A  means  for  providing  each  physician  with  a  record  of  laboratory  exami- 
nations which  he  may  use  for  his  private  records. 

The  system  herein  described  has  met  these  essential  requirements  and  can 
be  readily  modified  if  necessary  to  suit  individual  conditions. 

THE  REQUEST  CARD 

In  most  institutions  requests  for  laboratory  examinations  are  made  on 
the  upper  half  of  printed  blanks  of  paper  of  the  size  of  history  slieets  which  are 
filled  out  with  the  name  oi  tlie  patient,  ward  and  such  essential  data  and  for- 
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Wiirdtnl  til  tlif  hiliiii-iitoi-y  witli  tlic  Njicciiiicn  :  tlic  laboratory  repoi't  is  wi'itteii 
on  the  lower  liall'  of  the  blank  and  the  whole  sheet  returned  to  the  hospital. 

The  usual  objections  to  this  system  arc:  (a)  the  sheet  may  become  soiled 
and  creased  ;  (b)  when  a  large  number  of  examinations  are  made  an  accumulation 
of  these  blanks  renders  the  history  too  bulky  for  binding  and  (c)  these  blanks 
usually  fail  to  furnish  the  pathologist  with  some  clinical  data.  This  system  is 
particularly  apt  to  be  unsatisfactory  in  out-patient  departments  unless  the 
laboratory  reports  are  transcribed  to  the  historj-  card. 

The  request  blank  shown  in  Figs.  1  and  2  is  slightly  modified  from  that 


UNIVERSITY  OF  PENNSYLVANIA 

THE  GRADUATE  SCHOOL  OF  MEDICINE 

Medico-Chirurgkal  Hoipital         Polyclinic  Hoipital 

LABORATORIES 


REQUEST    FOR    URINE   EXAMINATION 


Clinic-Ward-Room 

Undencore  whtch  afld  give  B 
Clinical  Diagnosis  


Ejcamioabon   Dcsiied  other  than  Routine  as  given 
back  of   iKii    card 


Fig.     J.— l-roiu     of 


r  Qualitatree  . 

1  Qualitative  _ 
Qui 


Diacetic  Acid 
Indicn  


Leucoeyles 

Rnl  Blood  Cclli 

Epilh.Cell. 

CryH.U 


examination 


devised  by  Dr.  C.  Y.  Wiiitc  oT  l'liihiili'l|ilii;i  and  used  in  the  Episcopal  hospital; 
it  lias  hccii  found  very  serviceable  and  satisfactory. 

Tlir  blank  is  jirintcd  on  thin  carilboard,  measures  4  by  V2  inches  and  is 
perforated  in  tlic  iiiiddlc  so  that  it  may  be  divided  into  two  cards. 

Fig.  1  shows  I  lie  front  and  l''ig.  2  the  tiack  of  this  card. 

The  phiisician  fills  out  the  left-hand  purliini  nf  the  card  (Fig.  1)  which 
provides  space  for  the  name  of  the  patient,  age.  ward,  date  and  name  of  at- 
tending physician;  simi)ly  drawing  a  line  iindci-  llic  iiatiirc  of  the  specimen 
and  the  kind  or  kinds  of  cxaminalioiis  rciiiicstcil  and  signing  completes  the  es- 
sentiais.      Sjiacc    is    ])rovi(lcd    for   tlic    clinical    diagnosis    (usually    provisional) 
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and  also  for  further  details  of  the  examination  requested,  if  the  latter  is  neces- 
sary. Space  is  also  provided  for  the  chief  clinical  data  bearin":  upon  the  labora- 
torj-  examination ;  for  example,  the  kind  and  duration  of  treatment  in  relation 
to  a  request  for  the  Wassermann  test.  Only  the  first  request  card  for  a  patient 
need  he  filled  out  with  the  details  of  diagnosis  and  clinical  data;  when  subse- 
quent examinations  are  requested  the  essential  data  alone  is  sufficient  (name  of 
patient  and  physician,  date,  ward  and  examination  requested).  Dr.  White 
uses  a  green  card  for  the  first  request  and  white  cards  for  subsequent  requests. 
I  have  found  this  a  good  scheme  but  likely  to  produce  confusion  and  a  great 
deal  of  ti-ouble  in  insisting  upon  the  proper  use  of  the  two  cards;  for  these 
reasons  I  have  abandoned  the  use  of  the  green  card  as  being  nonessential. 

A  clerk  in  the  laboratory  records  on  each  half  of  the  card  the  date  and 
hour  received  and  subsequently  the  date  when  the  report  is  returned  (which 
are  frequently  the  means  for  settling  a  dispute  regarding  a  delay  in  return- 
ing a  report  due  to  delay  in  forwarding  the  request  or  specimen  or  both). 


MBi=^CW«Fs»J  HapdJ              P 

...WH,.^ 

IDENTIFICATION  SLIP           | 

To  bf  SUed  oul 

ind  a'rac 

bed  ro  all  con. 

lainere  w.lk  spccime 

s  o(  bloo 

d.  pus,  cultures. 

tissues  and  cerebrospinal  fluic 

Do  not  use 

lof  specimens  of  unn 

'■ 

.           '                                                    1 

CfcicWard-Rooni 

<WiO,. 

.1' 

.Sen,  hv 

TUi. 

»!  •  tequ< 

,1 

.dn^l« 

r«iue«  cui 

of    the    identification    tag    attached 
to  specimens. 


Paste  this  label  securely 
on  container.  If  necessary 
use  a  small  piece  of  adhe- 
sive tape. 

Send  to  laboratory  with- 
out delay  together  with 
request  card. 


The  right-hand  half  of  the  card  is  filled  out  in  the  laboratory  although 
some  physicians  are  willing  to  give  an  extra  minute  or  two  for  this;  the  labora- 
tory report  is  returned  to  the  hospital  on  this  half  of  the  card.  The  pathologist 
also  writes  a  synopsis  of  his  report  on  the  left-hand  portion  of  the  card. 

The  left-hand  half  of  the  card  is  filed  i)i  the  laboratory  (alphabetically); 
the  right-hand  half  is  returned  to  the  hospital.  A  cross  index  may  be  kept  in 
the  laboratory  for  tiling  the  necropsies,  examination  of  tissues,  blood,  sputa,  etc. 

The  results  of  blood  examinations  are  filled  in  on  the  back  of  each  card, 
which  also  provides  additional  space  for  other  laboratory  reports. 

As  a  general  rule  only  one  kind  of  an  e.ramination  is  requested  on  a  card. 
For  example,  a  general  blood  examination  including  erythrocyte  and  leucocyte 
counts,  dilferential  leucocyte  count,  hemoglobin  estimation  and  color  index  may 
be  requested  ou  one  card  but  it  is  not  permissible  in  these  laboratories  to 
request  on  one  card  for  example,  a  general  blood  examination  and  an  examina- 
tion of  sputum  or  some  other  examination;  a  second  card  would  be  required 
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for  au  examination  of  tho  spntuin.  The  main  reasons  for  this  are  to  prevent 
overcrowding  a  eanl  with  tiir  ncccssiiry  laboratory  reports  and  to  facilitate 
filiiiy:  a  laboratory  record. 

This  card  is  not  used  for  rrqiasts  for  routine  tiriiic  (.raminations;  a  special 
card  is  provided  shown  in  Figs.  ;{  and  4,  which  is  tied  to  the  bottle  or  container 
and  the  report  returned  on  the  back  of  the  same  card  (Fig.  4). 

Dr.  John  Eiman,  pathologist  to  the  Presbyterian  Hospital  of  Philadeljihia, 
has  suggested  the  use  of  rubber  stamps  in  the  laboratory  for  stamjnng  the 
cards  in  making  out  reports ;  I  use  the  following  list  and  find  them  very  useful 
for  saving  time  and  overcoming  the  difficulties  of  poor  and  illegible  writing: 

Blood  Ex.vminations 

Auisocytosis Polychromatopliilia    

Poikilocytes Basophilic  degen. 

Macrocytes Myelocytes 

Microcytes Coagulation  Time 

Macroblasts Malaria     

Normoblasts Platelets 

Microblasts Culture 


Gastric  Analysis 

Amount Total  Acidity 

Appearance Free  HCl 

Odor Comb.  HCl 

Mucus Acid  Salts 

Blood Lactic  Acid 

Microscopical:  Fractional  Analysis: 

Total  Acidity  _.. 

Free  HCl 

Protein    


Puncture  Fluids 

Amount Color 

Appearance Specific  Gravity 

Reaction '_ Sugar   

Proteins 

Cells  per  1  c.  mm 

Polys %  Lymph %  Endoth % 

R.  B.  C Animal  Inoculation 

Sniears  .and   Cultures 

Cdllci.lal   (iohl    ^_""^ 

Feces  Examination 

Form Bile 

Consistency Beaetion 

Color Curds    

Mucus Concretions 

Blood Parasites 

Pus Ova 

Microscopical :  Bacteriological : 

Sputum  ExAjnN.\TiONs 

Quantity Blood  and  Pus 

Appearance Tubercle   Bacilli 

Color Fungi    

Cells Pneumocoeci-Type 

Bacteriological 

Smear  of Result    

Culture  of Result    I.III 

WiDAL  Reaction 

Time 

Bihitions 

Results       
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Specimens  of  tissue,  feces,  sputa,  etc.,  may  be  labeled  with  adhesive  bands 
bearing  the  name  of  the  patient ;  I  have  used  the  identification  tag  shown  in 
Figs.  5  and  6  with  entire  satisfaction. 

In  this  institution  the  specimens  and  cards  are  carried  by  the  nurses  or  order- 
lies to  a  specimen  room  set  aside  in  each  hospital ;  at  9  and  11  a.  m.  and  3  p.  m. 
a  laboratory  orderly  collects  these  and  brings  them  to  the  laboratories.  This  sys- 
tem prevents  confusion  and  tends  to  fix  responsibility  for  delivery  of  request 
cards  and  specimens. 

Urgent  examinations  are  made  at  any  time,  the  physician  marking  the  card 
"rush"  and  sending  it  at  once  to  the  laboratories  by  a  nurse  or  orderly;  these 
requests  receive  instant  attention. 

Ill  exceptional  instances  telephone  reciuests  are  accepted  but  arc  always 
followed  up  by  the  request  card  properly  filled  in  with  the  necessary  data. 

Bequests  for  necropsies  are  made  out  on  the  same  card  (the  legal  permits 
being  kept  and  filed  in  the  office  of  the  hospital)  ;  necropsy  reports  are  returned 
on  a  set  of  blanks  modified  and  enlarged  by  Dr.  White  from  those  originally 
devised  by  the  late  Dr.  A.  0.  J.  Kelly.  These  printed  blanks  are  unusually  com- 
plete and  when  properly  filled  out  furnish  a  splendid  record  of  a  necropsy  which 
is  easily  bound  with  the  clinical  history. 

All  laboratory  examinations  are  made  as  far  as  possible  on  the  same  day  as 
when  the  requests  and  specimens  are  received ;  the  reports  are  returned  to  the 
respective  wards  and  out-patient  departments  of  the  hospitals  once  or  twice 
daily  by  the  resident  physicians  serving  in  the  laboratories,  this  system  definitely 
fixing  responsibility  for  the  prompt  and  safe  delivery  of  rejiorts. 

recording' LABORATORY   REPORTS  ON   HISTORY 

"When  the  reports  are  returned  to  the  hospital  they  are  copied  by  the  resident 
physicians,  nurses,  or  a  special  clerk  to  the  histories  of  the  patients.  The  ne- 
cessity for  copying  constitutes  the  single  weak  point  iu  this  system  by  reason 
of  the  opportunity  for  error  in  copying  the  reports  or  individual  carelessness. 
As  a  matter  of  experience,  however,  errors  rarely  occur  and  none  have  occurred 
since  rubber  stamps  have  been  used  as  described  above  in  making  out  laboratory 
reports,  which  largely  eliminates  bad  writing. 

Three  blanks  are  pi'ovided  for  these  reports  shown  in  Figs.  7,  8  and  9 ; 
each  sheet  measures  9I/2  x  12  inches  and  is  bound  with  the  rest  of  the  history. 

The  first  sheet  (Fig.  7)  provides  space  for  recording  seven  routine  and 
three  special  examinations  of  blood  and  urine.  If  only  urine  and  blood  ex- 
aminations have  been  reciuested,  this  would  be  the  only  sheet  required. 

The  second  sheet  (Fig.  8)  provides  for  recording  examinations  of  stomach 
contents  and  vomitas,  feces,  sputum  and  serological  reactions.  This  sheet  is  at- 
tached to  the  history  only  in  case  any  of  these  examinations  have  been  made 
in  order  to  avoid  the  waste  of  binding  a  blank. 

The  third  sheet  (Fig.  9)  provides  space  for  recording  the  results  of  exam- 
inations of  cerebrospinal  fluid,  pus,  transudates,  cyst  fluids  and  secretions; 
also  general  bacteriological  examinations,  examination  of  tissues  and  special 
chemical  examinations  of  blood  and  urine. 
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The  Graduate  School  of  Medicine 

Medico-Chirurgical  Haspitdl 
Polyclmlc  Hospilal 


LABORATORY   REPORTS   fl) 

GENERAL  URINE  EXAMINATIONS 


SPECIAL  URINE  EXAMINATIONS 


>l>fr;alCbcinicAlEsftBi 


GENERAL  BLOOD  EXAMINATIONS 


SPECIAL  BLOOD  EXAMINATIONS 


I'lK.   /"-  -  Sheet  used  for  recording  results  of  laboratory  exaiuinatiotis;  bound  with   the  history. 
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UNIVERSITY  OF  PENNSYLVANIA 

The  Graduate  School  of  Medicine 

Medico-ChtnKgical   Hospital 
Polyclinic   Hospilal 


LABORATORY  REPORTS  (2) 

SEROLOGICAL  EXAMINATIONS 


GASTRIC  ANALYSIS  ( INCLUDING  VOMITUS) 


GENERAL  FECES  EXAMINATIONS 
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Similar  blanks  are  used  for  reenrding  laboratory  reports  in  the  out-patient 
departments  inasmuch  as  the  history  blanks  are  of  the  same  size  as  used  in  the 
hos]iitals. 

PROVIDING    SEPARATE    REPORTS    FOR    THE    ATTENDING   PHYSICIAN 

When  a  report  has  been  copied  from  a  card  to  the  history  as  described, 
the  latter  has  fulfilled  its  function  and  may  be  discarded.  It  is  marked  "re- 
ceived and  copied"'  and  attached  temporarily  to  the  history  board  where  the 
attending  physician  may  obtain  it.  " post-officed ' '  in  the  physicians'  room  of 
tlie  hospital  or  mailed  direct  to  the  physician ;  by  any  of  these  methods  the 
physician  may  obtain  the  report  for  his  private  records. 

This  is  a  matter  of  considerable  importance  and  convenience  when  the 
patient  leaves  the  hospital  before  the  laboratory  exam-inations  are  completed  and 
tlie  reports  returned;  under  these  circumstances  the  reports  are  taken  to  the 
office  of  the  hospital  and  copied  on  the  history  but  the  physician  may  never  see 
the  report.  With  any  of  the  above  plans  in  operation  the  attending  physician  is 
bound  to  receive  the  report  and  experience  has  taught  that  no  system  is  sitccess- 
ful  iniless  it  literally  forces  the  report  upon  the  attention  of  the  physician  with 
ihc  minimum  of  effort  on  tlie  part  of  the  latter. 

LABORATORY  RECORDS 

When  a  request  card  is  received  in  the  laboratory  by  a  clerk  it  is  recorded, 
given  a  serial  number  and  the  date  and  hour  wi'itteu  on  both  halves  of  the 
card  (upper  right-hand  corners)  as  shown  in  Fig.  1.  All  request  cards  and 
specimens  are  delivered  to  a  sintjle  designated  place  in  the  laboratory  so  that 
all  pass  through  the  hands  of  a  clerk  for  purposes  of  record.  Even  "rush"  re- 
quests are  first  recorded,  although  in  case  of  unavoidable  delay  in  recording 
the  card  the  examination  may  proceed  and  the  record  be  made  afterward. 

The  main  purpose  of  recording  each  request  card  is  to  guard  against  loss 
and  provide  a  means  for  tracing  a  card  in  case  of  a  miscarriage.  For  example, 
a  request  card  may  miscarry  in  the  laboratory  after  being  recorded. 

For  the  purpose  of  recording  the  requests  for  laboratory  examinations,  seven 
cards  of  different  colors  are  employed.  Each  card  measures  six  by  nine  inches, 
is  ruled  on  both  sides  and  provides  from  forty  to  fifty  entries. 

Fig.  10  shows  the  card  used  for  recording  requests  for  blood  examinations; 
this  card  is  colored  red. 

Fig.  11  shows  the  card  for  feces  examinations  (brown). 

Fig.  12  is  the  card  for  examination  of  stomach  contents  and  vomitus  (pea 
green). 

Fig.  13  is  the  card  for  sputum  examinations  (gray). 

Fig.  14  is  the  card  for  examinations  of  cerebrospinal  fluid,  pus.  transudates, 
cyst  fluid  and  secretions  (white). 

Fig.  15  is  the  card  for  general  bacteriologic  examinations  (yellow). 

Fig.  16  is  for  recording  requests  for  tissue  examinations  and  necropsies 
(pink). 

Fig.  17  is  the  card  for  recording  .special  urine  examinations  (yellow).  Kou- 
tine  urine  examinations  are  not  recorded  separately;  simply  the  total  number 


516  THi:    .KHRXAI.    OF    LABORATORY    AND    CI.INR'AI.    MKniCIXE 

examined  eaeli  day  is  recorded  on  a  eard  or  in  a  l)ook.  Duplicate  records  of  the 
results  of  ordinary  or  routine  urine  examinations  are  not  kept,  mainly  be- 
cause the  larffe  amount  of  time  required'  for  recording  fifty  or  more  examinations 
per  day  is  not  warranted  by  the  value  of  the  records. 

When  a  ri'i|uest  card  is  received  the  clerk  gives  it  a  serial  number,  writes 
iiitii  I  lie  apprnpriate  laboratory  record  the  date  when  received,  the  name  of  the 
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physician  making  tlie  request,  the  name  of  tlie  examiner  in  the  hi1)oratory  and 
cheelis  off  the  kiml   oi-  kinds  of  examinations  reqiiested. 

The  number  of  diiij  kind  of  examination  or  examinations  can  he  seen  at  a 
glance  and  at  the  end  of  a  week,  month  or  year  a  detailed  laboratory  report  or 
summary  can  be  prepared  by  a  clerk  with  a  minimum  of  time  and  work  by 
simply  summarizing  these  cards.    The  system  has  proved  eminently  satisfactory, 
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being  simplf,  aeeurate,  aud  inexpensive.  By  employiiifj  the  seven  different 
cards  identified  at  a  glance  by  their  colors  and  dividing  laboratory  examinations 
into  these  seven  main  groups,  it  is  a  simple  matter  indeed  to  look  up  a  record. 
As  previou.sly  stated  the  right-hand  half  of  each  request  card  is  retained 
iu  the  laboratory  and  filed  alphabetically  in  cabinets.  This  provides  a  com])l;'te 
record  including  a  complete  report   of  the  laboratory  examinations.     In   case 


RECORD  OF  CEREBROSPINAL  FLUID.  PUS.  TRANSUDATES.  CYST  FLUID  AND 


EXAMINATIONS 


KiE.    14.— Card    (white)    used    for    filing    reimests    fo 


udates. 

RECORD  OF  GENERAL  BACTERIOLOGICAL  EXAMINATIONS 


c!)rospinaI    fluid,    i>us,    transudates 


A    SYSTEM    OF    LABORATORY    EXAMINATION'S   AND   RECORDS 


519 


a  report  miscarries  and  is  lost  in  the  hospital  before  being  recorded  on  the  history, 
it  is  a  simple  matter  to  furnish  a  duplicate  report  from  the  laboratory  files;  this 
feature  of  the  system  has  proved  very  valuable  and  especially  for  the  out-pa- 
tient departments,  where  laboratory  reports  are  more  apt  to  be  misplaced  or 
lost  than  in  the  wards  and  private  rooms. 

The  laboi'atory  can  extend   this  system   by   any  internal   arrangement   of 
cross  indexes ;  the  above  svstem  embraces  the  essentials. 
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A  MODIFICATION  OF  THE  TECHNIC  OF  THE  VIVIDIFFUSION 
METHOD  OF  ABEL* 


By  II.  ('.  VAX  DER  Heydk  axd  AVithrow  ^Ioksk,  Morgaxtowx.  W.  \'a. 


THE  pi-iiK'i|)al  diffit-ulty  eiicniintpi-ed  in  tho  vividift'usioii  method  first  sug- 
gested by  Abel  seems  to  be  the  troubh'  eiieouiitered  in  the  preparation  of 
the  dialyziug  tubes,  as  one  may  judge  froin  the  several  suggestions  which  have 
been  made  to  simplify  this  procedure. 

In  this  laboratory,  we  find  that  by  following  the  method  outlined  here,  it 
is  possible  to  save  much  time  and  patience. 

A  glass  rod  of  a  size  slightly  larger  than  the  diameter  of  the  tubes  \\ithiii 
the  apparatus  is  dipped  about  a  decimeter  into  a  fairly  li(juid  collodion  and 
about  this  I'od  is  wrapped  lengthwise,  a  piece  of  fish  bladder  tissue  about 
12  cm.  long  and  1.5  cm.  wide,  permitting  an  extension  of  about  two  centimeters 
of  the  tissue  beyond  the  end  of  the  glass  rod,  so  that  one  may  remove  the  cyl- 
inder by  pulling  upon  this  extension.  The  cylinder  is  slipped  off  the  rod  before 
the  collodion  has  set  to  such  an  extent  that  it  will  cause  the  tissue  to  adhere 
to  the  rod.  The  cylinders  may  then  be  dried  by  clamping  them  in  a  vertical 
position,  or  by  iiiiiniiig  them  to  the  sides  of  the  table.  If  it  is  desired  to  limit 
the  collodion  as  much  as  possible,  the  rod  may  be  bathed  with  a  somewhat 
more  viscous  collodion  down  one  side  and  tlie  tissue  wrapped  so  that  only  the 
overlapping  edge  comes  into  contaci  with  the  cullodinn.  It  ^cnorally  happens 
with  this  method,  that  oiic  must  ap|)ly  a  line  of  rnllndion  down  tlic  .seam  to 
insure  perfect  adhesion. 

IIpss  and  ilciUiigan  ijonr.  I'haniiacnl.  and  K\])cr.  Thcrap..  1014,  vi,  1) 
nindificd  .Micl's  oriaiiial  Icchnic  (.lnui'.  I'liarmacol.  and  Exper.  Therap., 
1014.  iv.  (ill  I  and  nmrc  recently.  Love  (.Med.  Kec.  1920,  xcviii.  649)  has  ad- 
vocated the  use  (if  chicken  intestine  for  the  jiurpose  of  replacing  the  collodion 
tubes.  We  arc  under  the  impression  that  the  niddification  suggested  above  may 
make  the  application  of  this  valuable  method  somewhat   easier. 


•From     the     Department     ..f     1'livsioli>Ky    and     I'liysioloKkal 
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EDITORIALS 


Present-Day  Methods  for  Studying  the  Problem 
of  Ventilation 

INVESTIGATION  of  the  problem  of  ventilation  is  greatly  hampered  by  the 
fact  that  of  all  animals  man  alone  is  concerned.  This  limits  the  possibilities 
for  the  investigation  of  the  problem  which,  in  brief,  consists  in  comparing  the 
general  well  being  and  comfort  of  man  with  the  physical  conditions  of  the 
indoor  atmosphere  in  which  he  is  living. 

In  a  previous  editorial  in  this  journal,^  the  older  theories  of  ventilation 
were  reviewed  and  it  was  shown  that  neither  the  chemical  composition  of 
the  air  nor  the  presence  in  it  of  organic  poisons  has  anything  to  do  with  the 
unhealthful  effects  which  are  associated  with  living  in  inadequately  ventilated 
places.  The  conclusion  was  arrived  at  that  it  is  the  cooling  effect  of  the  air  on 
the  body  which  determines  its  healthfulness.  The  body  is  constantly  produc- 
ing heat  by  the  metabolic  processes  which  go  on  in  it.  This  heat  must  be  lost 
as  quickly  as  it  is  produced,  else  will  the  temperature  of  the  blood  rise  and 
the  secondary  reactions  of  a  mild  fever  be  the  result.  A  great  part  of  this 
heat  loss  occurs  at  the  surface  of  the  body  bj-  physical  factors  which  depend 
on  the  cooling  effect  of  the  air.     Of  these  factors  radiation,  convection  and 
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evaporation  are  the  most  important  although  tlie  last  mentioned  of  these 
only  eomes  into  play  to  any  considerable  extent  at  the  surface  of  the  body 
when  the  air  temperature  is  above  a  certain  level  which  is  somewhere  about 
70°  F.  There  is,  of  course,  some  heat  constantly  lost  by  evaporation  of  water 
in  the  lungs  hut  in  man  this  is  relatively  constant  (provided  the  absolute 
humidity  and  tlie  tenijierature  of  the  air  remain  unchanged),  and  it  is  the  loss 
of  heat  from  the  skin  by  radiation  and  convection  which  is  subject  to  alteration 
by  changes  in  the  blood  flow  in  the  superficial  vessels.  By  observations  on 
rabbits,  N.  B.  Taylor  and  I  have  found  by  the  use  of  thermocouples  that  there 
may  be  a  difference  of  several  degrees  of  temperature  between  the  deeper  tis- 
sues and  those  that  immediately  underlie  the  skin.  This  indicates  a  great 
cooling  effect  at  the  surface  of  the  body.  When  the  blood  vessels  in  the  sub- 
dermal  tissues  become  dilated,  and  a  large  proportion  of  the  blood  as  a  conse- 
quence becomes  drafted  to  the  surface,  this  cooling  effect  may  become  greatly 
increased  and  when  constriction  of  these  vessels  occurs  it  may  become  very 
slight  because  of  the  low  heat  conductivity  of  the  skin  and  subcutaneous  fat. 

In  poorly  ventilated  places  the  cooling  influence  of  the  air  becomes  reduced 
for  several  reasons:  first,  the  temperature  of  the  air  rises,  thus  diminishing  radi- 
ation from  the  skin  (which  is  dependent  upon  the  difference  of  temperature  be- 
tween skin  and  air),  as  well  as  reducing  the  heat  which  is  lost  in  the  air  pas- 
sages in  warming  the  inspired  air;  second,  the  air  stagnates  so  that  there  are 
only  feeble  convection  currents;  third,  the  humidity  rises  (both  relative  and 
absolute),  so  that  less  heat  is  lost  both  in  the  respiratory  passages  (in  satu- 
rating the  expired  air  with  water  at  body  temperature),  and  at  the  skin.  To 
compensate  for  the  lesser  cooling,  the  heat-controlling  centers  cause  more  blood 
to  be  sent  to  the  surface  of  the  body,  by  vasodilation  of  the  cutaneous 
vessels,  so  that  the  skin  becomes  flushed,  and  this  may  become  so  marked  as 
to  cause  throbbing  in  the  head  and  other  symptoms.  This  drafting  of  blood 
to  the  surface  causes  less  to  flow  in  the  vessels  of  the  viscera  so  that  the  di- 
gestive and  other  glandular  functions  are  hampered  and  the  brain  is  inade- 
quately supplied,  leading  to  drowsiness,  etc.  The  mucous  membranes  of  the 
upper  respiratory  passages  also  become  swollen  and  congested,  due  largely  to 
capillary  dilation,  and  therefore  more  susceptible  to  infections.  But  the  at- 
tempts to  keep  down  the  temperature  are  not  restricted  to  readjustments  of 
blood  supply,  for  there  is  also  a  cutting  down  of  the  body  furnaces  by  depres- 
sion of  the  metabolic  functions,  and  it  is  quite  likely  that  incompletely  metab- 
olized substances  accumulate  in  the  tissues  and  organs  and  clog  the  wheels  of 
life. 

Probably  a  most  important  effect  of  tlie  inefficient  cooling  is  dependent  on 
the  fact  that  the  rather  steep  temperature  gradient  wliich  we  have  seen  to  ex- 
ist normally  between  the  surface  and  the  deeper  tissues  of  the  body  now  dis- 
appears, with  the  consequence  that  the  thermic  nerve  endings  in  the  skin  are 
no  longer  stimulated.  The  stimulation  of  these  nerves  depends  not  on  the 
actual  temperature  of  the  skin,  but  on  differences  in  temperature  between  the 
skin  and  the  deeper  tissues  so  that  when  the  surface  of  the  skin  is  at  about  the 
same  temiieratnre  as  the  deeper  sti-uctures  they  are  not  excited.  The  impulses 
set   up  by   the  stiiiiulat  inn   of   tlu'sc   thermic   nerve   endings  are   important    in 
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maintaining  the  tone  of  tlie  nerve  centers.  They  furnish,  along  with  visual  and 
acoustic  sensations,  the  most  important  afferent  impulses  to  the  nerve  centers, 
to  keep  them  in  a  "wakeful"  state. 

The  practical  problem  in  ventilation  is  therefore  to  find  simple  methods  by 
which  the  cooling  influence  of  the  atmosphere  may  be  measured.  An  ordinary 
thermometer  is  of  little  value  since  it  merely  records  the  temperature  of  the 
glass  and  wood  of  which  the  instrument  is  made.  A  Avet  bulb  thermometer  is 
somewhat  more  valuable  for  its  reading,  by  comparison  with  that  of  the  dry 
bulb,  measures  the  extent  to  which  evaporation  of  moisture  into  the  air  is  capa- 
ble of  lowering  the  temperature  of  the  surface  of  the  in.strument.  Until  quite 
recently,  however,  these  were  the  only  two  physical  instruments  that  could  be 
employed  to  measure  the  cooling  influence  of  the  air,  and  consequently  the  effi- 
ciency of  ventilation.  A  much  more  reliable  instrument  is  the  Kata  thermom- 
eter of  Leonard  Hill.-  This  is  an  alcohol  thermometer  reading  between  95°  and 
100°  F.  It  is  first  of  all  placed  in  water  at  about  105°  F.,  and  when  the  alcohol 
has  expanded  to  the  full  extent  for  that  temperature,  the  thermometer  is  with- 
drawn and  the  time  required  for  the  meniscus  to  fall  from  100°  F.  to  95°  F., 
is  measured  by  a  stop  watch.  The  above  i-ange  of  temperatures  being  about 
that  of  the  body,  it  is  clear  that  the  cooling  of  the  instrument  will  be  proportional 
to  the  cooling  at  the  surface  of  the  body.  To  calculate  the  amount  of  heat 
which  is  actually  lost,  it  is  necessary  to  express  the  cooling  power  in  heat  vinits 
per  square  centimeter  of  surface  per  second.  The  unit  of  heat  is  a  calorie 
(i.  e.,  the  amount  of  heat  necessary  to  raise  the  temperature  of  1  gm.  of  water 
through  1°  C),  but  for  the  present  purpose  one  thousandth  of  a  calorie  is 
taken ;  that  is,  a  millicalorie.  In  order  to  convert  the  reading  in  seconds  into 
millicalories  per  square  centimeter  per  second,  all  that  is  necessary  is  to  divide 
seconds  by  a  factor  (the  Kata  factor),  which  is  written  on  the  stem  of  the  in- 
strument. AVhen  used  with  its  surface  dry,  the  cooling  of  the  instrument  is 
dependent  upon  convection  and  radiation,  but  it  can  be  made  to  include  the  in- 
fluence of  evaporation  as  well  by  keeping  the  surface  moist  by  covering  the 
bulb  with  muslin  (muslin  glove  finger)  kept  moistened  with  water. 

Numerous  readings  have  been  taken  by  the  Kata  thermometer  under  all 
varieties  of  atmospheric  conditions,  both  without  and  within  doors,  and  the 
most  significant  feature  of  the  results  is  that  in  the  former  ease  the  readings 
vary  greatly  within  short  periods  of  time  whereas  indoors  they  are  usually 
more  or  less  constant.  Even  in  relatively  stagnant  humid  air,  the  fluctuations 
outside  are  in  general  much  greater  than  inside,  even  in  a  fairly  well-ventilated 
room.  Leonard  Hill  in  his  report  for  the  Medical  Research  Committee,-  pub- 
lishes numerous  charts  to  illustrate  these  differences  and  also  to  show  that  the 
readings  by  the  Avet  and  dry  Kata  thermometer  are  very  much  more  sensitive 
than  those  taken  simultaneously  by  the  wet  and  dry  bulb  thermometer  of  the 
usual  type.  Now,  obviously,  the  most  ideal  atmosphere  for  good  health  and 
comfort  is  out  of  doors,  Avhich  indicates  that  in  rooms  we  should  endeavor  to 
imitate  the  outside  conditions  with  regard  to  cooling  power  as  closely  as  possible. 
We  should  aim  not  only  at  air  which  can  cool  the  surface  of  the  body  at  a 
rate  that  is  proportional  to  the  rate  of  heat  production,  but  we  should  imitate 
the  outside  variability  in  cooling  power.     Monotony  of  cooling  conditions  in  a 
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room  is  iiiniatural  and  sliduld  be  avcjiiled  if  liic  inhabitants  are  to  remain  alert. 
On  this  account  Hill  is  inclined  to  i-ecommend  for  ordinary  class  rooms  that 
they  should  be  heated  by  bjw  pi'essure  steam  pipes  with  o])en  windows  instead 
of  being  heated  and  ventilated  by  the  plenum  system.  For  larger  meeting 
places,  however,  a  plenum  system  with  frequent  inlets  and  outlets  must  be 
used. 

It  is,  of  course,  admitted  that  obsei-vations  on  ventilation  made  in  the 
British  Isles  with  their  relatively  constant  temperature  throughout  the  year, 
are  not  directly  applicable  to  the  American  continent  with  its  extremes  of  heat 
and  cold.  Before  the  results  can  be  made  applicable,  there  must  be  independent 
observations  on  this  continent,  and  the  practical  question  in  ventilation  at 
]n'e.sent  is  to  have  a  suiiicient  number  of  such  observations  made  so  that  definite 
conclusions  may  be  drawn.  Much  useful  work  in  this  direction  has  already 
been  done  by  the  New  York  Commission  on  Ventilation  and  in  the  public 
schools  of  Chicago,  but  much  more  work  is  required.  In  a  general  way  the 
problem  is  to  compare  measurements  made  by  physical  instruments  (Kata 
thermometer)  of  the  cooling  effect  of  the  air  in  various  parts  of  the  hall  or 
room  Avith  the  well-being  and  comfort  of  the  individuals  that  occupy  it.  It 
is  with  regard  to  the  quantitative  evaluation  of  comfort  that  the  greatest 
difficulties  arise,  for,  to  make  the  comparisons  of  any  value  it  is  necessary  to 
adopt  certain  more  or  less  arbitrary  standards.  The  New  York  Commission 
used  various  p.sychologic  and  physiologic  tests  and  in  school  rooms  the  re- 
sponsiveness and  quickness  of  the  pupils  in  answering  questions  have  been 
useful,  but  for  practical  pui'poses  it  is  probable  that  much  useful  information 
could  be  collected  by  merely  asking  the  individuals  their  opinion  of  the 
Acntilatory  conditions  and  recording  their  impressions  in  general  terms.  By 
collectini;-  large  nundiers  of  observations,  errors  of  judiiincnt  would  be  ruled 
out. 

AVith  regard  to  the  measui'ement  of  the  cooling  power,  the  ideal  instru- 
ment to  use  is  of  course  the  Kata  thermometer  but  there  is  one  objection 
to  it,  namely,  that  it  demands  some  time  and  care  to  obtain  an  adequate 
number  of  readings.  If  readings  were  to  be  taken  at  various  parts  of  a  hall, 
for  exani])l('.  it  would  necessitate  observers  at  all  these  places.  To  make  the 
instrument  nioi'c  practical  Hill  has  therefore  more  recently  devised  Kata 
thermometers  that  are  kept  constantly  heated  by  an  electric  heating  device, 
the  simplest  form  of  these  being  the  so-called  "eomtimeter."  This  consists 
of  a  metal  tube  which  widens  below  to  a  cylindrical  chamber  near  the  upper 
end  of  which  (an  inch  or  so  fi-om  the  tu])e),  is  a  metal  partition  carrying  on 
its  lowei-  I'acc  a  socket  for  an  electric  (earl)on)  lamp.  Just  above  the  par- 
tition the  walls  of  the  cylinder  ai'e  ]irovided  witli  openings.  The  lamp  heats 
the  air  in  the  cylinder  abo\c  ihc  partilicm  and  this  causes  cool  air  to  enter 
by  the  openings  and  asccuil  the  tube,  and  the  temperature  of  this  ascending 
column  of  air  is  measured  by  the  I  liernioiucter  which  hangs  in  its  center.  It 
is  clear  that  the  lenipcraliirc  of  this  air.  the  heating  i)o\vci'  of  the  lamp  re- 
maining coiislaiil.  w  ill  depend  on  the  cooling  influence  of  the  at  nios|)licre.  We 
have  made  nunicrous  compai-isous  between  llie  readings  ii.\-  the  comiimetcr  and 
tliose  by   the    Kala    1  licriiMiniclcr  and    lia\c    found    thai    Ihcy    cori-cs])oud    with 
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entirely  satisfactory  eloseness.  By  using  several  eomfimeters  throiisliout  a 
class  room  we  propose  to  compare  the  readings  with  the  collective  opinion  of 
students  sitting  near,  as  to  the  ventilatory  conditions.  The  instrument  is  so 
easy  to  use  that  it  should  be  possible  to  have  large  numbers  of  observations 
recorded  and  thus  perhaps  to  have  at  last  a  reliable  method  by  which  the 
etficiency  of  a  system  of  ventilation  could  be  tested. 
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Experimental  Influenza  Bacillus  Infection  in  Man 

WITH  the  lapse  of  time  since  the  1918  influenza  epidemic  we  find  pro- 
gressively less  literature  appearing  on  the  subject.  This  is  but  natural. 
The  storm  having  passed,  we  are  inclined  to  forget  it.  Interest  will  lag  more 
and  more  as  time  goes  on  until,  with  the  advent  of  the  next  pandemic  preva- 
lence we  will  once  again  be  taken  unawares.  If  the  interval  be  sufficiently 
long  we  will  first  pass  through  a  period  of  conjecture  as  to  what  the  strange 
new  disease  is,  then  one  in  which  we  suspect  that  it  may  be  our  old  friend 
influenza,  and  finally  after  it  has  run  a  great  part  of  its  course  we  will  decide 
that  it  is  influenza,  and  will  ha.sten  to  combat  the  pestilence  with  latest  and 
most  approved  methods.  The  disease  will,  as  in  the  past,  pursue  its  course, 
little  influenced  by  our  frantic  efforts. 

During  and  after  the  next  pandemic  the  literature  will  again  be  flooded 
with  clinical  description,  with  epidemiologic  data,  with  immunologic  observa- 
tions, and  with  discussions  pro  and  con,  as  to  whether  the  disease  is  identical 
with  that  Avhicli  swept  the  world  in  1918. 

In  the  case  of  influenza,  we  appear  indisposed  to  profit  by  the  experiences 
of  past  epidemics.  Innumerable  observations  have  been  made  since  1918,  ob- 
servations and  theories  which  are  believed  by  their  sponsors  to  be  entirely 
new  and  unprecedented.  It  was  stated  that  influenza  affected  different  age 
groups  in  1918  from  those  chiefly  stricken  in  1889  and  1890.  It  has  been 
stated  that  the  students  of  the  1889  epidemic  believed  in  an  origin  from 
an  endemic  focus  in  Turkestan.  Now  it  is  believed  that  the  disease  is  widely 
distributed  in  endemic  form  during  the  interepidemic  period.  If  one  will  but 
take  the  time  to  study  the  records  following  the  1889  epidemic,  one  will  dis- 
cover that  the  clinical  and  epidemiologic  characteristics  were  the  same,  that 
the  age  incidence  was  the  same,  in  short  that  the  disease  was  true  to  type  in 
its  essential  manifestations ;  also  that  the  possible  or  even  probable  universal 
distribution  of  a  virus  of  low  virulence  during  the  interepidemic  period  was 
fully  discussed  after  the  earlier  pandemic.  Even  on  the  subject  of  bacteriologic 
etiologv  we  are  little  farther  advanced  todav  than  we  were  25  or  30  years  ago. 
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At  tliat  time  it  was  quite  a-enerally  ediiceded  that  the  I't'eiffer  bacillus  was 
the  cause  of  the  disease.  Yet  there  were  many  dissenters.  Today  we  admit 
that  we  know  nothing  definitely  of  the  causative  agent  but  the  discussion  re- 
mains now  as  formerly,  whether  the  influenza  bacillus  is  or  is  not  the  cause 
of  epidemic  influenza. 

If  we  are  to  profit  by  the  disastrous  experiences  of  the  last  epidemic; 
if  we  are  to  be  better  prepared  to  combat  the  ravages  of  influenza,  it  will  be 
important  that  the  disease  be  not  completely  forgotten  during  the  next  few 
years.  Influenza  and  associated  or  similar  conditions  must  be  studied  from  all 
points  of  view,  from  that  of  the  clinician,  the  bacteriologist,  the  immunolo- 
gist  and  particularly  the  epidemiologi.st.  Until  the  time  when  a  specific  vac- 
cine, immune  serum  or  other  similar  substance  has  been  developed,  greatest 
hope  for  the  moderation  of  epidemic  prevalences  rests  with  the  work  of  the 
epidemiologist.  There  are  diseases,  which  like  smallpox,  have  been  brought 
under  control,  even  though  we  know  little  regarding  the  causative  germ.  In- 
cidentally we  may  expect  considerable  aid  from  the  development  of  a  vaccine 
directed  against  the  secondary  invaders. 

It  will  be  of  considerable  help  if  the  role  of  the  influenza  bacillus  can  be  fairly 
definitely  established.  There  is  some  evidence  indicating  that  this  microorga- 
nism is  not  the  primary  cause  of  the  disease.  The  evidence  is,  however,  chiefly 
of  a  negative  character.  It  has  been  claimed  by  many  that  the  bacillus  is  of 
no  pathogenic  significance  whatever.  The  work  of  Blake  and  Cecil,  of  Cecil  and 
Steffen,  and  of  Parker,  has  done  much  to  establish  the  pathogenicity  of  the 
influenza  bacillus. 

Blake  and  Cecil  innoculated  the  nose  and  throat  of  monkeys  with  a  viru- 
lent culture  of  influenza  bacillus  and  produced  an  acute  upper  respiratory 
tract  infection  which  was  finite  similar  to  influenza  as  it  occurs  in  man.  The 
experimental  infection  was  characterized  by  rapidity  of  onset,  marked  pros- 
tration, fever,  leucopenia  and  a  certain  degree  of  contagiousness.  Some  of 
the  cases  developed  secondary  involvement  of  the  lower  respiratory  tract. 
This  work  indicated  that  in  virulent  form  the  influenza  bacillus  is  capable  of 
producing  an  acute  inflammation  of  the  upper  respiratoiw  tract  in  monkeys. 
Parker  demonstrated  that  a  soluble  toxin  is  formed  in  culture  by  the  influ- 
enza bacillus,  which  is  fatal  on  inoculation  into  rabbits. 

Cecil  and  Steffen  have  continued  the  experiments  of  Blake  and  Cecil  by 
attempting  to  transmit  infection  to  man.  They  were  able  to  produce  an  acute 
infection  of  the  upper  respiratory  tract  by  the  application  of  influenza  bacil- 
lus cultures  to  the  mucous  membrane  of  the  nose  and  throat.  The  recently 
isolated  germ  had  been  grown  on  chocolate  blood  broth  medium  and  was 
u.sed  when  the  growth  was  six  hours  old.  They  likewise  produced  symptoms 
after  the  application  to  the  upper  respiratory  mucosa  of  small  amounts 
of  peritoneal  exudate  from  a  monkey,  dying  from  influenza  bacillus  peritonitis. 
Cultures  passed  through  Berkefeld  filters  produced  no  symptoms  whatever  when 
applied  in  the  same  manner.  The  infection  produced  was  characterized  by  the 
symptoms  of  acute  coryza,  with  considerable  prostration,  and  occasionally  »vith 
headaches  or  other  general  pains.  There  was  an  associated  leucopenia.  As 
stated,   these   syiiii)tiims   wi'Vi'   not    iiroduced    by    filtrates   and    th(\v   were    uot 
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produced  \vhen  tlie  hemolytic  streptococcus  was  substituted  for  the  iiiflueuza 
bacillus.  Ill  the  latter  case,  acute  follicular  tonsillitis,  with  leucocytosis,  re- 
sulted. Pneumococcus  cultures  applied  in  the  same  way  produced  no  symptoms 
and  no  elevation  of  temperature. 

By  their  work  Cecil  and  Steffen  have  shown  on  a  small  number  of  eases 
that  the  influenza  bacillus  in  virulent  form  can  produce  an  infection  of  the 
upper  respiratory  tract  simulating  in  its  clinical  characteristics  either  acute 
coryza  or  a  very  mild  influenza.  None  of  the  experimental  cases  developed 
an  increased  temperature,  but  they  point  out  that  the  fatal  case  of  influenza 
pneumonia,  from  which  the  virulent  culture  was  isolated,  also  ran  a  very  low 
temperature  during  the  period  under  observation.  They  have  also  shown  that 
the  influenza  bacillus  when  inoculated  onto  the  mucous  membrane  usually  dis- 
appears within  a  short  time  but  that  it  may  remain  present  for  several  days 
or  even  weeks  after  the  inoculation. 

The  work  of  these  various  observers  has  .shown  that  a  virulent  influenza 
bacillus  can  cause  an  infection  of  the  upper  respiratorj^  tract  in  man.  The 
organism  may  at  times  be  quite  highly  invasive  and  may,  under  experimental 
conditions,  at  least,  be  a  primary  invader.  It  has  not  shown  that  the  influenza 
bacillus  is  the  cause  of  epidemic  influenza.  The  work  has  carried  our  knowl- 
edge a  step  forward  by  demonstrating  that  at  all  events  the  influenza  bacillus 
is  not  an  organism  to  be  lightly  disregarded  and  that,  no  matter  what  its  im- 
portance as  a  secondary  invader  in  influenza,  it  must  be  regarded  as  a  poten- 
tial cause  of  primary  acute  infection  of  the  upper  respiratory  tract. 
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Silver  Arsphenamine 

"C^OR  some  time  accounts  have  appeared  in  medical  literature  of  a  new  ar- 
A  senie  preparation  used  in  the  treatment  of  syphilis.  This  has  been  called 
"silver  salvarsan,  or  more  precisely  the  sodium  salt  of  silver-diaminodihydroxy 
arseuobenzene,  and  it  contains  approximately  22.5  per  cent  of  arsenic  and 
14  per  cent  of  silver.  It  is  presumed  that  the  silver  for  which  spirochetes  have 
an  especial  affinity  serves  as  an  anchor  for  the  arsenic,  and  that  therefore 
the  drug,  despite  its  lower  arsenic  content  than  arsphenamine,  is  more  active 
therapeutically. 

Animal  experimentation  seems  to  show  that  silver  salvarsan  is  twice  as 
effective  as  the  old  salvarsan  (606)  and  three  times  as  effective  as  neosalvarsan 
(914).  Kolle  states  that  silver  salvarsan  is  old  salvarsan  in  active  form  plus 
silver,  and  that  0.25  silver  salvarsan  is  the  equivalent  of  0.4  of  old  salvarsan. 

Dreyfus  in  discussing  his  experience  with  this  drug  in  treatment  of  syphilis 
of  the  nervous  system  says  that  silver  salvarsan  is  three  times  as  efficacious  as 
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the  old  salvarsan,  that  it  acts  iiinrc  (Hiickly.  its  toxic  dose  is  Jiiolicr.  and  it  has 
the  advantage  of  a  coiiiliincd  silvci-  and  arsenic  elTect.  lie  says  that  in  nervous 
syphilis  the  indications  are  tiiat  tlie  )\fw  ])i-epai-atioii  ])i-oiiiises  to  be  iiioi'e 
valuable  than  tiie  oUler  ones,  e\i'n  when  tile  latter  are  used  in  coiijunetinn 
with  mercury.  It  is  Dreyfus'  experience  that,  especially  in  early  cases,  both 
subjective  and  objective  symptoms  show  marked  signs  of  retrogression  within 
two  weeks.  More  care  is  necessary  in  tabes  than  in  other  conditions,  luit  in 
all,  small  doses  with  carefully  graduated  increases  are  used. 

Boas  and  Kissmeyer,  after  treating  62  cases  representing  all  stages  of 
syphilis,  and  using  mercury  with  it,  found  that  silver  salvarsan'  was  just  as 
effective  as  old  salvarsan,  and  in  addition  it  was  more  soluble  and  easier  to 
handle.  They  prefer  it  for  these  reasons  only.  Korsbjerg  on  the  other  hand 
is  very  enthusiastic  over  the  new  drug  and  has  been  so  impressed  by  its  effects 
that  neither  he,  nor  his  chief  Jersild,  use  mercury  either  as  an  accompaniment 
nor  as  a  follow  up  treatment.  There  were  32  cases  in  the  series  reported, 
of  which  19  were  secondary.  In  every  case  all  .symptoms  had  vanished  within 
two  weeks  of  the  tirst  injection. 

The  use  of  this  silver-arsenic  preparation  seems  from  the  reports  to  lie 
attended  by  more  danger  than  the  older  preparation.  This  danger  is  reflected 
in  the  dosages  used,  i.  e.,  from  0.02  to  a  maximum  of  0.25,  in  dilute  solution. 
Anaphylactoid  symptoms, — redness  and  swelling  of  the  face  and  buccal  mucous 
membrane, — pyrexia;  cutaneous  eruptions  which  are  usually  transient,  and 
occasionally  severe  dermatitis;  syncope,  collapse,  vomiting,  vei-tigo  and  liead- 
ache:  and  icterus  are  all   listed  as  secondary  effects. 

Xeurorccurrences  seem  i'miii  I'cports  to  be  fewer  after  sih-i'r  saharsan 
than  after  the  older  dinigs,  luit   the  cases  are  too  few  t<i  be  decisive. 

A  large  series  of  cases  treated  with  silver  saharsan  is  that  of  l')cli- 
ring,  \\-ho  reports  upon  his  experience  in  giving  :j,20t)  injections  in  25'.1 
cases.  In  this  .series  icterus  occurred  9  times,  and  angioneurotic  symptoms 
6  times.  There  was  one  death.  In  his  exjierience  no  venous  thrombosis  oc- 
curi'cd.  I';ru])t  ions  and  icterus  were  not  more  coninionly  oliser\ed  after  silver 
salvarsan  than  after  the  oldei'  preparaticnis.  Siher  salvarsan  is  well  adapted 
to  the  abortive  ti'catnii'nt  of  syphilis,  iiciii-ing  says  that  a  delinite  \ci'dict 
cannot  as  yet  be  given  with  reference  to  talies  and  central  syjihilis.  although 
tabes  is  apparently  fa\dralil\-  inlluenced. 

Wiener  says  that  the  curat  i\i'  cITects  in  prinuirx-  lesions,  sccondai-y  and 
tertiary  symi)tonis  ai'c  xcry  I'avorahle  and  apparently  not  inl'erior  to  the  re- 
sults of  a  combined  course  ol'  ueosahai'san  and  merc\ir\'  in  the  custonmry 
dose. 

The  most  recent  rcjiort  on  this  sil vei--ars])lienamiuc  is  based  upon  tin' 
exiierience  lA'  .Majoi-  Wals.ui  of  the  .Medical  ('ori)s,  V.  S.  A.,  and  has  lo  do 
with  the  tl-eatnicnt  of  S(l()  patients,  and  iiio|-e  than  (iOOO  injections.  The  method 
t>\'  irealmeiit  I'ei-ommended  liy  the  l',o:ird  of  .Medical  (  )t'licers,  and  the  nu'thod 
used   by   W'alson   was  as   follows; 

An  inter\;d  of  sc\-cu  days  between  each  dose  in  each  ccnirse  ol'  treatment, 
'i'ri'atment    to  consist   of  four  courses  of  silver  salvarsan   ami   gray   oil. 

Ill    the    lirst    cinirse    ol'    tre;itmelll     the    lirst    dosi'    to    be    lifleeil    huiidredt  lis 
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(0.15)  gm.  of  the  drug-.  The  second  dose  to  tlie  two  tenths  (0.2)  gm.,  and 
each  of  the  remaining  five  doses  of  the  course  to  be  three  tenths  (0.3)  gm. 
of  the  drug. 

At  the  end  of  tlie  first  course  of  treatment  a  Wasserinann  blood  test  is 
made  and  then  thirty  days'  rest. 

In  the  second  course  of  treatment  three-tenths  (0.3)  gm.  of  the  drug 
is  given  at  each  of  seven  injections,  at  seven  day  intervals,  and  is  followed  by 
two  and  one-half  months'  rest. 

The  third  and  fourth  courses  are  the  same  as  the  second,  with  ninety 
days'  interval  between  the  two.  Gray  oil  is  used  in  conjunction  with  and  at 
the  same  time  as  each  injection  of  silver  salvarsan,  using  eight  hundredths 
(0.08)  gm.,  by  intramuscular  injection. 

A  blood  Wassermann  is  recommended  after  each  course  and  a  spinal  fluid 
Wassei'mann  after  the  second. 

Such  is  the  army  intensive  treatment.  As  against  it  HofTmann  says  that 
one  complete  intensive  course  of  treatment  with  mercury  and  silver  salvarsan 
in  primary  syphilis  will  give  a  complete  cure.  Hoffmann,  Xeisser  and  Scholz 
believe  that  if  treatment  can  be  commenced  in  the  prepositive  Wassermann 
stage  the  disease  can  be  cured  in  from  80-100  per  cent  of  the  cases.  Neverthe- 
less it  is  to  be  borne  in  mind  that  all  persons  who  have  had  syphilis,  no  matter 
how  rapidly  the  clinical  signs  disappear,  nor  how  soon  the  Wassermann  re- 
action becomes  negative,  should  be  watched  both  for  clinical  and  serologic 
recurrences. 

It  seems  from  a  review  of  the  literature,  that  in  silver-arsphenamine  we 
have  a  more  potent  antispirocheticide  than  any  heretofore  in  use,  and  one 
which  .should  be  used  with  the  greatest  care.  It  seems  to  represent  a  real 
therapeutic  advance. 

REFERENCES 

■Walson :  Amer.  Jour.  Med.  Sc,  1921,  elxi,  418.  Otlier  qiiotatidiis  are  made  from  the  re- 
views in  Medical  Science;  Abstracts  and  Bevicn-s;  and  iu  the  American  Journal  of 
Siiphilis. 

—P.  G.  W. 


International  Organization  and  Public  Health 

BUCHANAN^  discusses  the  League  of  Nations  and  Public  Health.  It  is 
evident  that,  while  all  medical  science,  both  preventive  and  curative,  is 
international  and  free  for  any  one  who  chooses  to  use  it,  still  a  League  of 
Nations  might  do  many  things  in  order  to  improve  the  living  conditions  of 
the  populations  of  its  constituent  members.  If  all  the  nations  of  the  earth,  or 
even  if  the  great  nations  of  the  earth,  should  combine  in  efforts  to  stamp  out 
infectioits  diseases,  great  good  could  be  accomplished.  Since  1903  there  has 
been  an  agreement  among  the  great  nations  to  notify  all  others  when  certain 
infectious  diseases,  notably  the  plague  and  A-siatic  cholera,  occur  in  any  one 
country.    Too  frequently  these  notifications  pass  through  diplomatic  channels 


^Lancet.  London,   1921, 
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and,  like  all  pi-ocedures  depending  upon  red  tape,  are  slow  in  their  dissemina- 
tion. Even  the  war  left  untouched,  largely  at  least,  one  international  pre- 
rogative, and  that  is,  the  right  of  any  nation  to  protect  its  people  from  the 
importation  of  infection.  For  centuries  there  has  been  more  or  less  conflict 
in  regard  to  quarantine  laws  between  the  protection  of  health  on  one  side  and 
the  interference  with  commerce  on  the  other.  An  example  of  how  improve- 
ment might  be  brought  about  is  at  hand  in  the  distribution  of  anthrax  quite 
broadly  over  the  world  from  Japan  in  recent  years  through  shaving  brushes. 
Several  countries  have  found  it  necessary  to  take  action  in  this  matter.  If 
Japan  would  guarantee  the  thorough  sterilization  of  its  exported  articles,  there 
would  be  no  danger  of  carrying  infection  to  other  countries,  and  at  the  same 
time  there  would  be  no  necessity  for  other  countries  to  exclude  certain  im- 
portations from  Japan.  Recently,  the  British  Government  has  been  obliged  to 
prohibit  the  importation  of  shaving  brushes  from  Japan.  The  United  States 
has,  M-e  believe,  not  been  quite  so  radical  in  dealing  with  the  Japanese,  but 
has  demanded  that  all  shaving  brushes  brought  from  Japan  into  this  country 
should  be  sterilized.  That  this  has  not  absolutelj'  stopped  the  importation  of 
anthrax-laden  brushes  is  shown  by  the  fact  that  now  and  then  infection 
through  this  agency  is  reported.  Each  government  must  rely  upon  its  own 
consular  service,  largely  at  least,  in  protecting  itself  from  infection  from 
abroad.  When  we  realize  that  consuls,  as  a  rule  at  least,  have  no  knowledge 
of  health  matters  and  often  no  interest  in  them,  it  is  easy  to  see  the  inadequacy 
of  this  provision.  The  International  Red  Cross  has  taken  up  its  residence  in 
Geneva,  has  built  certain  laboratories,  is  collecting  a  library,  and  is  publishing 
in  several  languages,  a  fairly  creditable  journal.  This  work,  however,  is  vol- 
vmtary,  is  dependent  upon  uncertain  support,  and  up  to  the  present  time  at 
least,  has  no  common  or  universal  sanction.  Buchanan  states  that  the  League 
of  Red  Cross  Societies  has  already  found  itself  hampered  by  the  absence  of  a 
health  section  at  the  League  of  Nations.  Since  1907  there  has  been  a  semi- 
official International  Health  Publication  issued  in  Paris.  This  was  established 
b}^  the  convention  held  at  Rome.  This  central  office  has  been  of  great  value, 
and  it  would  be  unfortunate  if  it  should  not  be  chosen  as  the  nucleus  of  a 
greater  International  Health  organization. 

Much  might  be  accomplished  by  the  internationalization  of  vital  statistics. 
The  basis  on  which  these  are  collected  in  the  different  cuinitrirs  is  widely 
varialjle  and  one  must  be  careful  in  draAving  conclusions  fiMiii  statistical  data 
secured  in  this  way;  in  fact,  there  is  no  country  in  the  wcnid  a\  Ihm-c  vital 
•statistics,  even  concerning  births  and  deaths,  arc  rigidly  cdi-n'cl.  Tiie  best 
we  can  say  is  that  in  some  countries  they  are  approximately  ciniH'ct.  i-^ven  in 
the  same  country,  the  nomenclature  of  disease  changes  frcnn  time  to  time  and 
in  more  than  mie  instance  this  has  deceived  medical  writers  wlm  liave  con- 
eluded  that,  beeause  a  given  name  no  longer  appears  in  the  niorlality  statis- 
tics, the  disease  wliii-li  ii  npi-esents  has  ceased. 

—V.  C.  V. 
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THE  PATHOLOGY  OF  INFLUENZA  AS  SEEN  IN  THOSE  WITH 
CHRONIC  MENTAL  DISEASE* 


By  Xolax  D.  C.  'Lsvas..  M.D..  Washingtox,  D.  C. 


A  LARGE  number  of  excellent  reports  with  accurate  descriptions  of  the 
lesions  in  Yarious  organs  taken  at  autopsy  on  individuals  dead  from  in- 
fluenza have  been  written  by  authorities  of  many  countries  and  particularly 
of  Military  General  Hospitals,  but  as  these  accounts  deal  largely  with  material 
which  was  supposedly  approximately  healthy  before  the  onset  of  the  disease, 
it  was  thought  expedient  to  study  the  condition  when  superimposed  on  dcj 
pletecl  tissues  which  were  partially  disorganized  by  other  diseases. 

The  following  investigation  was  carried  out  on  autopsy  material  obtained 
at  the  Government  Hospital  for  the  Insane,  Washington,  D.  C. 

This  group  of  42  cases  is  particularly  interesting  because  (1)  in  most 
instances  the  acute  infection  occurred  in  tissues  alreadj'  considerably  impaired 
by  the  chronic  processes  usually  existant  in  psychopathic  and  neurologic  pa- 
tients, (2)  special  attention  has  been  given  to  the  histopathologic  changes  in 
the  central  nervous  system;  and  (3)  the  ages  of  the  individuals  studied  range 
from  71/4  months  (fetus)  to  78  years,  with  many  cases  past  middle  life,  and  5 
cases  over  70  years  of  age. 

Table  I  is  given  to  indicate  the  age,  the  sex,  the  original  lesions,  and  the 
psychosis. 

EXTERNAL  APPEARANCES 

At  the  examination  of  a  body  dead  from  influenza,  one  is  impressed  with 
the  general  picture  of  asphyxia ;  the  frothy  exudate  from  the  mouth  and  often 
from  the  external  nares,  the  lividity  about  the  face,  neck,  and  .shoulders  and 
the  cyanosis  of  the  nails ;  all  point  toward  an  acute  asphyxiative  condition. 
Often  rigor  mortis  is  rapid  in  onset  and  of  prolonged  duration. 


•Frum   the  Government  Hospital   for  the   Insane.   Washington,   D.  C. 
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MlCdlS   MKMHRAXKS 

'J'lic  iimcDus  iii('inl)r;iii('s  ])rcscii1  two  types  of  clianiii'  wliicli  in  the  UKiiilli 
iiKiy  lie  ])ri'sciit  e\'('ii  ;is  t';ir  ;is  tlic  inucocutiincoiis  juni-tioii  of  the  lips,  wliicli 
are  then  a  striking  lirifzlit  I'eil  in  color.  In  type  1  tin-  tra<'hea  and  broneliioles 
contain  a  frothy  .semiflnid.  l)looil  tiiiiicd  exudate,  and  the  lining  membranes 
are  characterized  by  networks  of  dilated,  jihiinlv'  \isible.  bright  red  eapil- 
lai'ies. 

^Microscopically  we  see  the  lining  cells  in  stages  of  albnniinous  degenera- 
tion with  some  areas  of  death  and  desquamation.  Tin>  eapillaries  are  seen  to 
be  stretched  almost  to  the  point  of  ru])ture.  being  densely  ])acked  with  red 
I)Iood  corpiLscles. 

The  mucous  membranes  of  tiie  esophagus,  stomach  and  intestines,  are 
usually  of  this  type;  although  some  have  spoken  of  the  submucous  hemorrhages 
of  petechial  nature,  as  being  frequent  in  influenza,  it  should  not  be  connected 
in  any  special  way,  as  such  reactions  are  noted  in  many  diseases  not  partic- 
ularly related.  The  membranes  of  the  bladder  and  genital  organs  are  also 
usuall.v  of  the  Type  1. 

In  Type  2  there  is  an  intense  congestion,  rupturing  the  vessel  walls,  with 
an  extensive  pouring  out  of  corpuscles  producing  a  general  diiTuse,  glairy, 
beefy  red  color  to  the  sti'uetures.  This  variety  of  change  is  probably  due  to 
defective  oxygenation  of  the  blood,  producing  an  acidosis  which  affects  the 
stability  of  the  vessel  walls.  The  microscope  discloses  a  very  striking  and 
characteristic  picture.  The  blood  vessel  walls  of  the  .submucosa  are  under 
tension,  the  muscle  fibers  appear  dead  and  unstained,  the  luiclei  of  the  cells 
very  pale,  and  the  endothelial  lining  cells  dislodged.  Large  numbers  of  vessels 
with  these  deficient  walls  have  iniptured  and  the  red  blood  cells  have  poured 
out  into  the  surrounding  substances,  where  focal  necroses  are  produced  from 
])ressure  and  lack  of  initrition.  Kndothelial  leucocytes  gather  in  the  \  icinities 
of  these  hemorrhages  and  ingest  the  masses  of  blo<id  pigment  from  the  dis- 
integrated red  cells.  In  ilic  fi'achea  and  bronchi  the  c|iithcliuni  may  be  indis- 
tinct and  in  places  com|)lctely  degenerated,  there  remaining  only  a  faint 
outline  of  former  epithelial  str\ictnre.  Submucous  tissues  are  edematous,  con- 
gested and  contain  many  lymphocytes.  The  glaiulular  areas  contain  n\i- 
iiierous  lymphocytes.  m\icli  pigment  dejiosit,  dilated  vessels,  and  a  few  acute 
inflammatory  cells. 

SKIiOrs  SCRFACES 

J'Intnii.  The  parietal  pleura  |ii-('sciits  a  diffuscl\-  rcdib^ncil  sui-face  over 
which  the  <lilatcd  lil(jod-lillcd  capillai-ics  stand  out  proniinciil  ly.  Tlic  visceral 
pleura  is  usually  dai-kcncci  ami  fi-c(|uently  exliilnls  pctcdiial  oi-  c(inlhiciil  hcm- 
orrhag(>s. 

Some  have  claimed  lliat  llic  pleura  is  free  from  exudate  and  is  usuall\-  with- 
out fibrin  deposits;  but  in  this  iiivjop  of  cases  a  thin  layer  of  tibi'inous  exu- 
dali',  especiall\-  between  the  lobes  (.f  the  lungs,  conli!  pi-actieally  always  be 
demonsti-aled   when  sclccti\'e  staininji   methods  were  eiiiplux  cd. 

In  cases  of  .-hronic  picurilis  of  ancient  ori-in.  new  foi'nial  ion  liln'in  is  pres- 
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out  ill  large  iuiiounts  (see  Fi>r.  1)  and  the  Ijaiids  of  adhesion  are  strilcinoly 
hemorrhagic. 

Due  to  rupture  of  the  surface  alveoli  of  the  lungs,  many  air  blebs  occur 
beneath  the  pheurae. 

The  pleural  fluids  vary  greatly  in  amount  and  character;  in  some  instances 
as  many  as  500  e.c.  of  dear  yellowish  fluid  are  present,  but  usually  the  pleural 
cavity  contains  only  a  few  cubic  centimeters  of  blood-tinged  slightly  turbid 
fluid,  which  in  cases  associated  with  jaundice  presents  the  additional  bile 
tint. 

Pericardium. — A  moderate  serous  effusion  is  almost  always  present,  with 
the  fluid  sometimes  clear,  but  more  often  blood-tinged.  Both  layers  of  the 
pericardium  are  most  intensively  congested  aud  occasionally  a  case  is  found 
presenting  distinct  petechial  hemorrhagic  spots  usually  distributed  along  the 
left  side  of  the  .sac. 


Peritoneum. — There  is  an  intense  conge.stion  of  the  entire  peritoneum  with 
all  minute  vessels  standing  out  prominently.  The  vessels  of  the  intestinal 
surfaces  are  frequently  so  engorged  as  to  produce  a  contrast  not  unlike  that 
effected  by  an  exaggerated  over-colored  painting. 


Because  of  the  prevalence  of  chronic  pulmonary  conditions,  particularly 
the  secondary  indurative  pneumonias,  in  this  class  of  individuals,  the  lung 
findings  are  not  easily  arranged  into  the  fairly  distinct  types  usually  described 
in  connection  with  this  disease:  however,  the  acute  inflammatory  edema  or 
hemorrhagic  pneumonitis  is  easily  demonstrated  in  those  dying  shortly  after 
the  onset  of  the  disease.  In  these  cases,  regardless  of  the  type  or  extent  of 
chronic  condition  present,  about  90  per  cent  of  the  lung  tissue  is  involved 
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in  a   i)roci'Ss  cliaraclcri/.cd   liy   a   rniiiidt'il   dark   red.   firm,   edeiiiatous  surface 
without  lobular  distriljutioii. 

An  enormous  aecunndat ion  (if  liloody  fluid  is  ijrcscnt  in  all  inn-tions,  and 
on  section  streams  of  this  fluid  ofti'ii  In  the  aiunuiit  <if  100  to  200  e.c.  pour  spon- 


Fig.    2.— Acute    inflammatory   inilmonary    ctU-ma    with    alveoli    widely    disttii.l.M    wuh    aolhilar    fluid. 


taneously  from  the  iiicisioii.  The  cut  surfaces  present  a  sdiiicwhal  irreixular 
appearance  wilh  patches  of  slifrhtly  emphysematous  ahi'oli  altcrnatiiiir  with 
larger  areas  of  edematous  hemorrhairic  tissue. 

Microscopical. — In  ea.ses  free  from  prevituisly  exist  iiii,'   pulmnii;iry   lesions 
the   alvcrdi   arc   moderately   dihiled   ;ind    tlic   walls   an'   nutliniMl    liy   deeply    in- 
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Fig.    4.— Cong 


Fig.   5.— (Low  i.ower.)     Alveoli  filled  with  mi.xed  cellular  exudate.     The  darke 
stained    with   phosphotungstic  acid   hematoxylin. 
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Fig.   6.— Infiltrated    interstitial   ti: 


asses   of  pus  cell 


l<,i  :  Alv.  ,li  .,nlhni-.l  hv  (ilniii  sn.-Hi.l 
ICxil.l:ilc  lartely  c.Mn|,..,e,i  of  reil  iilucl  Kl<.l.iik-s  an 
blood  piRtiient. 


I--,;.      ,.  |n,,lu.ii     ..I     l.r.MHlni.     |i:i.k,- 

ll.      c-llulal      .Mi.lat.-.         Walls     are     iiililtian,!      Wl 
)nonuctcars  and   red  blood  cells. 


PATHOLOGY    OF    IXFLrEXZA    IX    MEXTAL   DISEASE  537 

jefterl  arterioles.  The  air  spaces  contain  either  a  liomogenous  clear  aeellular 
exudate  (Fig.  2)  or  are  packed  by  free  red  blood  elements,  (Fig.  3)  and  the  lining 
cells  are  usually  greatly  enlarged  and  distorted  by  large  single  or  multiple 
aqueous  globules  in  the  protoplasm. 

The  bronchioles  generally  contain  a  granular  exudate  in  which  there  are 
a  few  red  blood  globules  and  detached  epithelial  elements. 

In  some  eases,  groups  of  air  sacs  are  dilated  to  the  point  of  fractui-e  of  the 
thin  walls,  while  other  groups  are  normal  in  size,  but  contain  an  homogeneous, 
gelatinous-appearing  exudate  with  a  few  polymorphonuclear  leucocytes  scat- 
tered through  the  substance.  (Fig.  4).  In  this  setting  the  bronchi  are  always 
dilated,  often  filled  with  free  blood  and  the  walls  are  surrounded  by  mononu- 
clear leucocytes. 

In  other  cases  the  walls  of  the  alveuli  and  the  whole  lung  substance  appear 
to  be  a  mass  of  blood  pigment,  granular  exudate,  congested  vessels,  and  newly 
formed  fibrin. 

Another  type  of  lung  condition  frequently  found  is  manifest  by  a  few  ele- 
vated patchy  consolidations  beueath  the  cyanotic  edematous  surface.  Usually 
also  there  is  a  thin  surface  deposit  of  fibrin,  particularly  between  the  lobes. 
The  substance  of  the  lung  is  filled  with  dark  purplish  blood,  and  beginning 
elevated  consolidations,  firm  and  resistant  to  touch,  are  distributed  in  the  cen- 
tral portions  about  the  main  bronchi  near  the  hilum  of  the  organ,  from  which 
point  they  diminish  in  size  and  number  toM'ard  the  apex  and  base.  The  bronchi 
contain  a  thin  blood-tinged  exudate,  which  in  some  cases  is  slightly  purulent: 
the  lumina  is  in  many  instances  distinctly  narrowed  bj-  the  swelling  of  the 
mucous  membranes.  Blood  capillaries  of  all  tissues  show  most  intense  conges- 
tion, and  the  larger  vessels  are  often  filled  with  clots. 

Microscopical. — Through  these  consolidated  areas  skeins  of  fibrin  are 
strewn  and  lymphocytes  are  everywhere  abundant.  (Fig.  5.)  In  small  locali- 
ties there  are  groups  of  alveoli  entirely  filled  with  polymorphonuclear  leuco- 
cytes; (Fig.  6)  these  alternate  with  others,  which  contain  a  granular  exudate 
filled  with  red  cells.     (Fig.  7.)     Catarrhal  cells  are  numerous  in  all  sections. 

In  some  areas  the  bronchi  are  packed  with  pus  cells,  red  blood  globules 
and  detached  epithelial  cells  (Fig.  8).  In  lungs,  the  seat  of  bronchiectasis,  the 
larger  vessels  are  engorged  Mith  blood,  the  alveoli  are  thickened  and  heavily 
outlined  by  red  blood  corpuscles,  and  around  the  larger  bronchi  dense  consoli- 
dation with  acute  inflammatory  cells  is  present.  In  the  lower  lobes  large  areas 
of  alveoli  are  filled  with  polymorphs. 

Wheu  tuberculosis  in  any  form  is  present,  and  where  fibrous  tis.sues  are 
greatly  increased,  the  ti.ssues  are  especially  rich  in  deeply  congested  vessels 
surrounded  by  small  mononuclear  cells.  Highly  pigmented  catarrhal  cells 
are  very  numerous. 

THE  HEART  AXD  GREAT  VESSELS 

The  majority  of  hearts  in  this  series  is  the  seat  of  a  chronic  interstitial 
myocarditis  with  tortuous,  congested,  atheromatous  coronaries  and  nodular 
incompetent  valve  cusps. 

In  some  cases  all  cavities  are  filled  with  large,  red  clots  which  sometimes 
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extend  iiinvard  iiitci  (lie  r-ai-(itiil  lii-iiiiclies  iiiul  are  wliijiped  into  tlie  corda; 
teudiiiiv. 

Usually  the  right  heart  and  wlnih'  puliiKHiary  \eiious  s.ystem  is  dilated 
and  choked  with  fluid  blood;  and  the  auricular  ai)i)eudage  often  contains 
an  enormous  clot  which  strings  along  through  the  dilated  ring  of  the  tricuspid 
valve  into  the  right  ventricle  where  occasionally  the  cords  tending  are  very 
fragile  and  have  ruptured  under  the  increased  strain. 

In  a  few  eases  the  nnisele  substance  shows  only  a  nioderate  cloudy  swelling 
of  the  fibers,  but  in  the  greater  number  the  tissue  is  very  pale,  softened  and 
flabby. 

When  the  valve  cusps  are  free  from  atheromatoiis  changes,  they  are  apt  to 
exhibit  multiple  minute  hemorrhages. 


Table  I 
Inhicating  Pkincipal  Lesions  and  Psychosis 


AGE        SEX 


ORIGINAL   LESION- 


PSYCHOSIS 


1 

58 

M 

2 

56 

V 

3 

40 

M 

4 

50 

M 

5 

72 

]\r 

6 

.-^s 

F 

7 

74 

It 

8 

29 

it 

9 

57 

it 

10 

43 

M 

11 

45 

M 

12 

60 

M 

l.S 

47 

M 

14 

50 

M 

1.1 

54 

■M 

l(i 

Ako.I 

M 

17 

59 

V 

18 

30 

F 

19 

35 

it 

'20 

24 

M 

21 

50 

M 

22 

49 

it 

2.". 

43 

it 

24 

64 

it 

25 

24 

M 

26 

49 

^t 

27 

45 

it 

28 

35 

M 

29 

38 

il 

30 

53 

it 

31 

44 

il 

32 

32 

it 

33 

29 

F 

34 

78 

il 

35 

74 

M 

36 

70 

if 

37 

68 

it 

38 

45 

i! 

39 

48 

it 

40 

21 

!•' 

41 

7%  Mo. 

M 

42 

38 

M 

General  Arteriosclerosis 
General  Arteriosclerosis 
Clironic  Uleerativv  Piilnionary  TB 
General  Syphilis 
Cerebral  Arteriosclerosis 
itassivc  Ascites 
I'litnionary  Abscess 
(Icncral  Sypliilis 
( IcMcrat   Arteriosclerosis 
{'liroiiic  Ulcerative  Pulmonary  TB 
Clinmic  Endo  and  Myocarditis 
Osteomalacia 
Ancient  Hemiplegia 
Tliyroid  Hyperplasia 
Clironic  Ulcerative  Pulmonary  TB 
Filirous  Pleurisy 
( 'erel>ral  Arteriosclerosis 
None 

Karly  Miliar}'  Pulmonary  TR 
ifiliary  TB  (Pulmonary") 
Ditliise  Productive  Nephritis 
Cliiiinic  Myocarditis 
Gaiifii'eiie  of  Lung 
General  Arteriosclerosis 
Clironic  Pleuritis 
Productive  Nephritis 
General  Paresis 
General  Syphilis 

Chronic  Parendiymatous  Nephritis 
fieneralized  Miliary  TB 
Cliionic  Myocarditis 
Bilateral  Pyothorax 
Chronic  Ulcerative  Pulmonary  TB 
Orebral  Arteriosclerosis 
Cerebral  Arteriosclerosis 
( 'crebral  Arteriosclerosis 
(ieiieral  Arteriosclerosis 
Chronic   Ulcerative   Pulmonary   TB 
I'rnductive  Nephritis 
ilili.iry  Pulmonary  Tl! 
None 
Internal  Hydrocephalus 


itritnll 


Dementia  Precox 
A  I  tl  I  Mij^rl.iiitic  Dementia 
Paranuid   Dementia   Precox 
Cerel)ral   Syphilis 
Manic  Depressive  Insanity 
Dementia  Precox 
Senile  Deterioration 
Dementia   Precox 
Dementia  Precox 
Dementia   Precox 
Undiagnosed 
Senile  Deterioration 
Organic  Brain  Disease 
DenuMitia  Precox 
Epileptic  Psychosis 
Epileptic   Psychosis 
Arteriosclerotic  Dementia 
Dementia  Precox 
Dementia  Precox 
Dementia  Precox 
Ailriii.^,l,r,.tic   Dementia 
l>ci,H.|i(i:i     I'lv.-nx 
Vw[v.vj.u,,^r,i 
Undiagnosed 
Dementia   Precox 
Dementia   Precox 
General  Paresis 
Depression 
Dementia   Precox 
Dementia   Precox 
Dementia   Precox 
Dementia   Precox 
Dementia  Precox 
Senile  Deterioration 
Senile  Deterioration 
Arteriosclerotic  Dementia 
Senile   Deterioration 
Dementia   Precox 
Dementia    Precox 
Imliecitity 

Imbecility 


Microscopic.     In  the  most  acute  eases  (i.  e.,  short  typical  course  with  early 
termination)  the  capillarii's  are  round,  dilated  and  filled  with  red  blood  glob- 
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ules.  Ill  many  zones  the  tliiii-walled  structures  have  ruptured,  allowing  blood 
to  diffuse  into  and  between  the  muscle  fibers  which  may  be  pigmented  and 
widely  separated. 

In  a  few  cases  the  heart  mnscle  fibers  are  separated  by  long  strings  of 
corpuscles  in  rouleaux  formation,  the  capillaries  being  intensely  injected,  the 
coronary  arterioles  packed  with  cells,  and  an  occasional  red  thrombus  present 
in  the  larger  coronary  branches. 

Where  the  muscle  cells  have  undergone  extreme  compensatory  hyper- 
trophy ill  chronic  myositis  there  are  separation,  fragmentation,  and  albumi- 
nous degeneration  of  the  fibers.  In  this  extreme  type  the  vascular  changes 
are  much  less  in  evidence. 

In  other  specimens  focal  separations  of  muscle  occur,  the  spaces  being 
filled  with  red  blood  corpuscles  and  hemoglobin  pigments;  in  these  there  is 
much  congestion  and  acute  change  in  the  cardiac  capillaries. 

Occasionally  only  clouding  of  the  muscle  fibers  is  noted.  Acute  cloudy 
changes  in  the  cells,  indistinct  nuclei,  increase  in  sheath  elements  and  a  mod- 
erate thickening  of  the  vessel  walls  characterize  the  picture.  In  some  cases  of 
influenza  in  which  there  has  been  a  previous  myocarditis  the  only  change 
present  microscopically  is  that  of  chronieity,  the  acute  process  having  appar- 
ently left  no  traces. 


In  this  series  twenty-seven  cases  presented  acute  congestion  with  begin- 
ning fatty  changes  in  the  liver  substance.  In  general,  the  organ  was  slightly 
enlarged,  softened  and  edematous  with  yellowish  patches  on  the  sm-faees.  Cut 
surfaces  were  pale,  yellowish  and  patchy  yellow,  with  blood  clots  in  the  larger 
veins. 

A  few  cases  presented  a  deeply  hemorrhagic  substaaice  containing  much 
residual  blood  and  in  general  cyanotic  in  appearance.  Four  cases  showed  a 
marked  acute  passive  congestion  and  in  three  cases  of  portal  cirrhosis,  gross 
acute  changes  could  not  be  demonstrated. 

Microscopic. — The  portal  veins  are  notably  dilated,  and  sometimes  are  dis- 
tended almost  to  the  point  of  rupture,  the  intralobular  veins  are  packed  with 
corpuscles,  and  the  surrounding  hepatic  cells  which  are  separated  by  clumps 
or  masses  of  red  blood  corpuscles  are  undergoing  acute  fatty  alteration. 

The  bile  ducts  are  dilated,  the  lining  cells  in  states  of  degeneration,  and 
there  is  diffuse  granular  pigment  scattered  through  the  tissues,  especially  in 
cases  where  the  chrouic  cellular  elements  are  notably  increased  in  the  portal 
canals.  The  bile  pigments  are  markedly  increased  in  the  organs,  presenting 
a  thickened  capsule,  retrograde  hepatic  cells,  proliferating  bile  capillaries 
and  new  formation  connective  tissue. 

Occasionally  the  hepatic  cells  are  widely  separated  and  distorted,  showing 
extreme  fatty  alteration,  many  being  mere  rims  of  protoplasm,  the  center  of 
which  is  filled  with  large  globules.  The  shrunken  cells  are  separated  by  a 
finely  granular  deposit  which  contains  many  red  blood  cells. 

Central  lobular  acute  cellular  changes  are  frequent  and  often  the  cells  are 
swollen  edematous  and  indistinct  in  nuclear  outlines. 
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Wherever  fibrdus  1  issue  lias  jjreviously  t'onaed  as  in  portal  cirrhosis,  the 
newly  formed  hlood  eapillaries  stand  out  prominenth"  from  congestion.  The 
thickened  fibrous  capsules  are  well  studded  with  congested  capillaries  and 
the  tissues  contain  many  free  hlood  cells.  In  tliese  situations  where  islands 
of  liver  tissue  have  long  been  exposed  to  pressiirc  from  the  strands  of  thickened 
connective  tissue,  the  cells  show  localized  areas  of  acute  destruction ;  the  spaces 
left  from  the  complete  neero.ses  are  occui)ied  by  clumps  of  red  blood  cdrpiiscles 
from  the  surrounding  ruptured  vessels. 


The  most  frequent  changes  noted  in  these  spleens  are  moderate  enlargement, 
cyanotic  surfaces  often  with  dark  mottlings,  and  rather  firm  on  palpation: 
and  a  bright,  softened,  easily  fractured  substance. 

Sections  disclose  a  soft,  swollen  pasty  pulp  loaded  with  semifluid  blood. 
Twenty-eight  cases  are  of  this  variety. 

In  four  instances  hemorrhagic  perisjilenitis  with  pigmentation  of  splenic 
substances  occurred.  In  only  one  case  is  the  spleen  pale  in  coloi-,  and  in  this  the 
softening  of  the  pulp  is  well  marked. 

In  seven  cases  the  spleen  was  originally  of  the  chronic  interstitial  type,  but 
presents  acute  congestion,  a  creamy  pink  pulp  and  a  softening  of  the  lymphoid 
sti'uetures. 

Microscopic. — In  the  acutely  congested  types  there  is  an  excessive  amount  of 
blood  pigment  distributed  between  the  cells  of  the  pulp,  the  sinuses  engorged 
with  red  blood  cells  or  granular  debris,  the  endothelial  cells  in  stages  of 
proliferation,  and  the  arterioles  exceptionally  large  and  filled  with  blood. 
Instead  of  the  diffuse  picture  the  s])lenic  pulp  may  be  dotted  by  ii-regular 
patches  of  dense  hemorrhage,  witli  a  striking  congestion  of  the  arterioles  of 
the  malpighian  bodies. 

Hyaline  degeiiei'atioii  ol'  tlic  vessels  is  I'clatively  fre((nfnt  and  the  lyiupli 
nodules  may  b,e  snrroundcii   by  iiemorrhagic  zoiu's. 

When  there  is  a  chinnic  splenitis  with  an  increase  in  traliecul;e,  the 
blood  vessels  of  this  tissue  stand  out  very  jjrominently  from  congestion,  and 
beneath  the  thickened  cajisnles,  zones,  filled  with  minute  henmrrhages  are 
frequent.  IMany  endothelial  iihaydcytcs  bearing  blood  ]iiginents  are  sciittered 
in  these  regions. 

The  larger  vessels  in  general  |)rescnt  a  pale,  homogcneous-appcarinii  media 
and  an  occasional  h.\aline  degeinuMtion  or  thrombotic  fornuition. 


In  neail.\-  ;ill  llo'  cases,  regardless  nf  llic  orijiinal  t.N'jie  of  lesion  jireseiit  in 
the  kiilnc.vs,  an  acute  chanire  could  easily  be  deinonstrated.  (Table  II.  i  The 
organs  are  slightly  tense  from  swelling,  and  ucncral  congcsl  imi:  the  stellate 
veins  dee|>ly  in.iected:  the  cut  surfaces  edeniatoiis.  uraiiular.  cNci'tcd.  often 
fatt.v.  Miiil  (lerply  lirnidrrhauic;  the  p.xfairiids  anil  papiihe  enlafiii'd  and  con- 
gested, and  the  larger  vessels  oflcn  lillcil  with  dark   red  iilood  chits. 

M icrDsciipic.      .M  icf(isco|(icall.v.  t  hey  may  be  ai'raii<i('<l  iiUo  two  groups,  viz. . — 
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Group  1.  where  the  changes  are  acute  only,  and  Group  2  with  two  subdivisions, 
where  acute  processes  are  superimposed  upon  chronic  kidney  disease. 

In  Group  1  the  interstitial  tissues,  including  the  capsule,  contain  minute 
hemorrhages,   where   the   small   capillaries   have   ruptured   and   thrown   their 


\fi^^^^mmim^m^f^^mmm 


contents  into  the  surrounding  tissues.  Hemorrhage  is  usually  most  profuse 
immediately  beneath  the  capsule,  where  masses  of  free  blood  corpuscles  are 
distributed  over  wide  areas.  Intertubular  hemorrhages  are  present  in  all 
fields,  but  are  more  abundant  through  the  collecting  tubule  regions  where  the 
thin-walled,  congested  capillaries  have  partially  disintegrated.     (Fig.  9.) 

Some  glomeruli  are  very  hemorrhagic,  the  spaces  filled  with  finely  granu- 
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Taisi.e  II 
Acute  Chaxges  in  the  Kidneys 
Group  1.     ll'illiiiiit  Chronic  Kklney  Lesions. 


CASE 
NO. 


EDEMA   AND 
CONGESTION 


ACUTE  PARENCHYMATOUS 
CELL    CHANGES 


HEMORRHAGES 


Sliglit 
Intense 

Marked 
Intense 

Marked 

Jloderate 

Marked 

Slight 
Slight 
Marke.l 

Marked 

Marked 

Marked 

Marked 

Slight 

Moderate 

Marked 

Marked 

:\larked 
Marked 
Marked 


Slight 
Advanced 


Moderate 
Moderate 


Moderate 

Sliglit 

Advanced 

Marked 

Advanced 

Slight 

Advanced 

Slight 

Slight 

Slight 

Moderate 

Moijerate 

Marked 
.Marked 
Marked 


None 

Ninnerous  intratuliular  hemorrhages  and 
hemorrhagic   tufts 

Biti'usely  hemorrhagic  substance 

Hemorrhages  into  glomeruli  and  into  in- 
terstitial tissues 

Few  hemorrhages  through  collecting  tu- 
bules 

Minute  hemorrhages  through  interstitial 
tissues 

Numerous  intra  and  iutertubular  hemor- 
rhages 

None 

Intratuliular   hemorrhgges 

Intratubular  hemorrhages  and  hemor- 
rhagic glomeruli 

Intratubular  hemorrhages  and  hemor- 
rhagic glomeruli 

None 

Very  numerous  iutertubular  hemorrhages 

Few  hemorrhagic  glomeruli 

Few  rujHured  capillaries 

None 

Hemorrhages  into  tufts 

Hemorrhagic  glomerulitis  and  iutertubu- 
lar hemorrhages 

Hemorrhagic  glomerulitis 

Patchy  interstitial  hemorrhages 

I  utertubula  r  hemorrhages 


Group  II  (a)    With  Chrome  Kidney  Lesions  (Diffuse  Produeiivc  Xrphritis). 


Marked 
Marke.l 

Marked 
None 
Moderate 
Marked 

Marked 
Marked 

Moderate 

Marked 

Marked 

Moderate 

Marked 

Marked 

Marked 

Marked 

Marked 


Advanced  Hemorrhagic  interstitial  tissues 

Advanced  Knormous  number  of  small  hemorrhages 

in  all  structures 
Advanced  Very  numerous  interfubiilar  hemorrhages 

Moderate  None 

Advanced  Numerous  interstitial  hemorrhages 

-^larked  Diffuse  hemorrhages  between  tubules  and 

into  glomeruli 
Sliglit  Hemorrhagic  glomeruli 

Advanced  Hemorrhages   info    tufts   and   into    inter- 

stitial tissues 
Moderate  Few    hemorrhages    into    glomeruli 

Advanced  Numerous  subcapsular  hemorrhages 

Advanced  DilTusely  hemorrhagic  substance 

Moderate  Glomeruli   moderately  hemorrhagic 

Marked  Few  small   intertuliular  hemorrhages 

Markeil  All   ])ortions   deeply   henuirrliagic 

Marked  All  ])ortions  deeply  hemorrhagic 

Marked  Hemorrhagic  glomeruli 

Marked  SnuiU     inter     and     intratubular     hemor- 

rhages 


Group  II  (b)    With  Chronic  Kidney  Lesions  (Patchy  ProduHire  Nephritis). 


Moderate 
Marked 


Slight 
Marked 


Early  stages      HitTuse    hemorrhagic    glomerulitis 
Moderate  All    glonu>ruli    hemorrhagic — ijatchy    in- 

tratubular hemorrhages 
Slight  None 

Marked  Nunu-rons  iutertubular  hemorrhages 
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lar  exudate  and  the  tuft  cells  swollen,  while  in  others  the  notable  features  are 
dilatation  of  the  capsules  of  Bowman  with  profuse  hemorrhapres  in  the  peri- 
glomerular  spaces. 

The  tubular  cells  are  swollen,  irregular,  fatty,  fragmented  aud  displaced 
from  the  basement  membrane  (Fig.  10),  with  many  of  the  collecting  tubules 
containing  red  blood  corpuscles,  hyaline  casts,  granular  parenchymatous  cells 
and  a  few  polymorphonuclear  leucocytes. 

Where  inter-  and  intratubular  hemorrhages  are  most  numerous,  the  paren- 
chymatous cells  are  loosened  and  necrotic. 

In  the  ease  of  pregnancy  the  parenchymatous  cells  showed  acute  wide- 
spread destruction  with  pale,  necrotic,  disintegrating  substance. 


.■>»•■     ■  ^rv  -    •■  I  •  •  •.  -^ 


Df   the    flattened    tubula 


IMieroscopic  Group  2  (a): 

The  following  is  the  microscopic  picture  of  influenza  generally  seen  in  a 
kidney  which  is  the  seat  of  a  diffuse  productive  nephritis. 

In  this  group  of  cases  the  cap.sule  which  is  already  thickened  by  prolif- 
erated fibrous  tissue  contains  large  engorged  dilated  vessels,  many  of  which 
are  thrombotic  or  present  hyaline  changes  in  their  walls. 

Underneath  the  fibrous  hemorrhagic  capsule  the  vessels  are  thin-walled, 
dilated,  and  packed  with  red  blood  corpuscles.  In  patches  there  is  fibrous 
obliteration  of  subcapsular  structures  in  the  midst  of  which  hyaline  degenera- 
tion of  cell  masses  is  a  frequent  feature. 

In  some  cases  the  acute  changes  are  limited  to  the  glomeruli,  in  which 
the  tuft  vessels  are  enlarged  and  packed  with  corpuscles.  Again  the  glomeruli 
may  be  knotted,  with  the  tuft  cells  imdergoing  fatty  degeneration,  and  the 
spaces  filled  M'ith  a  granular  hemorrhagic  exudate. 

Fibrous  tissue  has  abundantly  proliferated,  destroying  the  parenchymat- 


544 


Tin:    .lOlRXAI.    OF    I.AHOKATOHY    AND    CLINICAI.    M  KDICI.NK 


z 

1 
1 

■a 

P 

c 

3 
O. 

•s 

c 

c 

Is 

o  o 
Q 

=  £  0) 

!§! 

foil 
°  -      t 
^ i  .0 

3 
o 

|L 

sol 

5-5  t« 

S.o_ 

5  t-  t> 
Z 

1 

if 
si 

>.l 

> 

■0 

■5 
0 

a 

s 

B 

Is  ^ 

i§2 

CQ 

a 
p 

1 
a 

£ 

5 

a 
p 

a 
p 

1 
a 

a  u 

11 

H 

i 

a 
B: 

S  if 

■ai 

1| 

a— 

li 

i- 

af? 

iJi 

c 

c 

c 

li 

2=3 

a  ag 

s     a 

£  r-p  ^ 

3  s 

z  S 

1 

c 

6 

3 

i 

at 
c 

•-•o    . 

c 

8 

2| 
Q 

1 

1 
c 

"■a 

1 

1 

1 

i 
p 
% 

1 

■a 

1 

5 

1 

1 
>. 

1 

i 

a-a 

II 

£  a 
s  p 

a 

°a 

s|- 

II 

5 

■3 

1 

a 

8 

X 

1 
•p  a 

II 

£gs 

ii  .r- 
-S:'^  5,. 

P—  8  = 

c 

II 
t-  a 

11 

la 
a* 

< 

< 
o 
s 

p 

11 
c'-o 

~  S3 

III 

gal 
p 

•0 
0 

tie 

it 

gE 
1"' 

P 

i 

c 

a 

a 

li 
3  d 

5 

i 

i 

•a 

s 
c 

0 

i 

2 

p 

S 

a 
•0 

s'i 
£— 

•0  " 

ll 

li 

s  '* 
— fe 
5 

a 

a 

p 

5 

3 

a 

5 

ti 

ll 

a 

1 
.a 

P 

3 
X. 
a 

11      E- 
"      g 

<     < 

z 

< 

< 

s 

x 

o 

^ 

1 

3 

1 

1 
c 

a 
O 

•-I 

is 

fii 

p 
s 

If 

5 

i 

p 

.s'i 
ft 

1 

p 
£ 

Op 

3 

sl 

ar 
-a  0 

2  a 

a 
rr. 

as 

lis 

III 

Q  a:  0 
0 

li 

ojx: 

i- 

!1| 

ll 

Sp 

z 

J  p 
II 
xl 

§1 
t-.o 

OS'S 

T  a 

-E2 

X 

O 

R 

p 

i 

Ed 

c  ^ 
■=  3 
o  >, 

go 

3 
C 

Is 

4 

> 

1 
1 

c: 

g 

■s 
S 

■d 

1 

c 

8 
> 

c 
o 

c 

c 
o 

i| 

IS 

CQ 

B 

1 
a 

>>— 

11 

a| 

«l 

£§» 

■Eu.:< 

P 

a 

0 

u 
5 

5  a 
•£8 

ll 

Hi 

to 
w-a 

if 

0 

1 

a 

1 
S 

1 

a 
p 

a 
e 

.J 
< 
z 

c 
3 
g 

1 

1 

i 

i 

e 

1 

c 

1 

(5 

1 

2 

H 

a 

1 

■3 
£ 

z 

i 
p 
z 

1. 

1 

z 

< 
a  z 

h| 

<  jt 

0 

o 

1 

1 
Q 

1 
1 

It 

i; 

i 

>5 

£.2 
5| 

p 

t 

s. 

1 
§=• 

o 

1 

0. 

a 

1 
■r. 

a 
0 

is 

4 

0 

4 

P 
1"^ 

a 
0 
Z 

i 

•3g 

1' 

0 

II 

£| 

*| 
p^ 
•3- 

i 

z 

u    . 
<  z 

- 

N 

n 

•r 

IS 

ts 

t>. 

« 

0 

0 

= 

2 

« 

■* 

PATHOLOGY    OF    INFLIKXZ.^.    I.X    MENTAL   DISEASE 


545 


H 
< 

o 
of 

If 

II 

i 

1 

c 
g 

s 

1 

c 

o 

1 

C 

c 

1 
ll 

III 
c ;- 

lit 

llii 

|l.si 

0_ 

IS."' 

Ill 

sis 

Sec 

4ii 

d  5C    _  « 

o||d 

C  oi  C  " 

c  *  i  ^ 

jijl 

i  /.  E    0 
^  X  7v:  £ 

(9 

if 

d  — 

?2 

•  c 
0  a 

^1 

|a| 

«  c  n 

_  d  0 

•oc 

■5  d 

«  C  d 

Minute    hemorrhaRes    through 
the  internal  capsules.  Thala- 
mus and  corpus  strlaltim  are 
markedly  edematous 

o 

§ 

p 

if 

o  e 

oc. 

g-oo> 

c 
■5 

s 

u 

0 

0 

•3 

£ 

■0 

1 

a; 

i 

c 

dS' 

T3 

S8d 

oa-g 

d      ■^ 
fill 

=  11 

0  i  '- 

iHl 

S'j:  d  = 
_2£.s 

>> 

.a 
•c 

£0 

|d 

C  5 

d  a 

£>. 

CO 

aS 

X 

> 

z 

H 

< 

D 

> 

B 

< 

w 

SJ3  c 

1 

h1 

"3  MO 

2  =" 

0 

2 

^ 

■< 

CO!- 

£ 

£ 

> 

i^a 

c 

.a 

%^ 

as 

0 

s 

1 

•= 

£ 
.a 

3 

^  c 

c 

c 

ill 
III 

"tl 
c 

si 

.is 

d 

1 

c 

_  £ 

ll 

.=  £ 
If 

ll 

E 

s 
p 

1 

•0 
H 

. 

z 

> 

0 

S 

i, 

i 

5 

B 

>: 

2.= 

o£ 

^i  * 

GJ  d  tl- 

k'i. 

*     tl. 

E 

11^ 

0 

.£.ii 

0  d 

H 

C3 

£c 

0  C 

S2o 

^i| 

■a  C  a; 

•"1 

^  ? 

i 

11 

pa 

^f.£ 

S2E 

0    1 
£  «  d 

d  ab£ 

d.y  t: 
=  >.  E 

0 

•§oS 
gS5 

£ 

■0  0 
£2 

1 
1 

C 

H 

T. 

(X 

c- 

S 

0 

22 

« 

c 

0 

'£ 

:&T= 

i 

■0  jj 

a  S 
ll 

11 

SSEE 

X! 

M^  d 

o'H. 

II 

ll 

c— 

0  '^ 

•21 

z 
z 

1 

s 

c 

i'i 

1 

§2 

ft 

go 

■a 

•c 

B 
T3 

|i 

lifil 

Cd 

"is 
111 

a 

5 

S 

Q 

s 

C 

J 

§ 

^ 

s 

a 

c 

* 

h3 

o 

■g 

Q^ 

M 

z 

V 

1 
1 

■5 

■3 

d 

■3 

•§ 

d 

d 

d 

c 

c 

1 
0 

1 

■0 
1 

E 

Z 

.a 

d 

*5 

£ 
0 
Z 

£ 

0 
Z 

£ 
Z 

OSS 

i  — 

i 

z 

>.| 

0 

"o  a 

ss 

K  an 

G 

o 

aE 

2 

•2  3 

0 

Sl 

c  o 

^1 

1 

g 

^ 

ill 

ST- 

5 

5; 

0 

0 

J, 

h 

° 

i 

0 

c 

c 
0 

£00 

c 

0 

0 

1° 

c 

■r. 

0 

Z 

Z 

Z 

6 

Z 

Z 

0 

X  O 

u: 

a 

i^ 

X 

^ 

9,            -            1 

N 

-^ 

* 

<  2; 

" 

" 

" 

" 

1 

<M 

S 

^i 

546 


THK    .JOIKXAL    OF    l.AliOK.VTORY    AND    rMMTAl.    MKDKINK 


H    < 


s 

All    capillaries    of    cerebellum 
and  pons  exceptionally  prom- 
inent.   Punctate  hemorrhag- 
es  through   the  basal   gang- 
lia,    internal     capsule     and 
corpus  callosum 

i  If 

lis  8 

o  >•'?■= 

Ilia 
> 

The   corpus    callosum    and    all 
basal     ganglia    are    moltleri 
Willi      minute     hemorrhage's 
and  edematous  lymph  spaces 

::  =  rf 

OS  o 

III 

The  basal  ganglia  and  internal 
capsules  are  strikingly  edem- 
atous    and     contain     manj' 
petechial  hemorrhages 

Basal  ganglia  evince  edema  and 
congestion 

The  basal  ganglia  particularly 
t  he     lenticular     nuclciLS     is 
dulled  with   minute    hemor- 
rhages. Pons  deeply  congcst- 

P  =  a  fc-- 

Ilill-i 

Basal  ganglia  llllod  with  punc- 
laie  hemorrhages  substances 
of    pons,  medulla   and   cere- 
bellum are  congested 

i 

il 

It 

I- 
1 

O 

li 
111 

> 

■3 
> 

■■5b 

~  = 

li 

> 

1 

II 

ID  a 

18 

Q 

c 
1 

c 

p 

3 

"S 
o. 
.2>. 

li 

a^.i 
g  c  » 

•asB 

< 
0 
E 

2 

E- 
Z 

1 

■3 

c 

£ 

§ 
0. 

a 

h 
II 

a 
o 

II 

3 

o 

i 

•a 

30.2 

hi 

pii 

o 

1 

a 

If 

!■§ 

"a 

2  =  1 

O 

li 

■32 

a  cd 

33g 

o 

< 
a 

.a  s  to 

S'Ss 
|gS 

1 

o 

>. 

D. 

Q 

it 

■a  o 

5 

O  M 

la§    ■ 

ill 

°  c 

w  "°  0 

Hi 

3 

a 
S 

!X 

■a 

e 

O 

3 
1 

■o 

li 

Bi 

3 
C 

fs-S 

If 

a 

P 

a 

1 

a 
o 

s 

c 
c 

.2  8* 
D 

if 

li 

i- 

< 

s 

o  o 
Q 

o 
s 
o 

11 

1  = 

li 

c 

11 
B 

il 

£o 
0 

■o 

1 

0 

5 

s 

8 

■3 

3 
I" 

is 

c 

c 
S 

ft 

ill 

a 
s 

h. 
X 

1 
c 

£ 
a 

u 

p. 

5 

5-1 

1 

■a 

o 

■i 

X 

i 

.a 

•a 
o 

< 

u  S 
<  J 

0 

s 

0 
12 

i 

is 

1 

s 
s 
o 

1= 

°     -w  ffl 

CO  0J5 

ifi 

fill 

r. 

g 

1 

o 

1 

1 

a 

e 

i 

5r. 

c 

0 

Z 

a 
o 

p 

s 

s 

« 

o 

M 

« 

?? 

PATHOLOGY    OF    INFLIEXZA    IX    MEXTAL    DISEASE 


547 


< 

o 
£ 

C 

11 

AC 

ca 

|| 
■op 

il 

< 

uesSC 

liK 

P 

is 
III 

Z  S.  rf "  5 

Basal    ganglia    llattenod    and 
disl.orted  from  pressure,  but 
very  hemorrhagic  and  edem- 
atous 

H  < 

^  a 

nil 

=WP5S 
Q 

>> 

ii 

§ 

2— 

gs 

as. 

1>l 
III 

II 

|i5 

1 
1 

C 

S 
C 

lis 

III 

?5i~S 
O 

III 

§1= 

ft"^"^ 

3 
1 

> 

J 

3 

Ml 

C 

0 

ll 

a  ci  to 
>»—  — 

■2  =  2 

S 

•J 

< 

S 
is 

■3 

9 

o. 
Q 

£ 

s 

i 

■a 

i 

£ 

1 

•a 

2 

■5  s 

'2 

5g 

2 

■6 
0 

X 

3 

< 

■o 

1 
c 
o 

>i 

a. 

Q 

■o 
c 

Si 

e 
c 

o 

3 

s 

s 

i. 

2- 
ll 

"^  o 

c  c 

2— 

0 
1 

—  5 

Is 

Si 

52  M 

0 

a 
•a 

c 

E 
■3 

w 

•0 

S3 

t. 

|l 

X  ' 

0 
£ 

—  g 

0  ^ 

z 

a 
o 

|l 

1 

5 

> 

i 

c  " 

c 

g  o 
■a-c 
tsta 

•c 

1 

be 

c 

8 

1 

c 

a 

c 
■q 

1 

u 

1 
> 

Ii 

R 

Is 

c 

c 
y 

< 
S5 

i 

i 

c 

3 
o 

B 
1-3 

c 

a 

i 

G 

i 

c 

u 

0 

■3 
1 

■X 

z 

E 
c 

2 

< 

o 

|> 

o  — ft 

III 

c 

c 
0 

s 

1 

a. 

i 

0 

b 

c 

ft 

£  ^ 

•<    2; 

■^ 

■3 

§ 

. 

0 

0 

5 

S! 

548  Tin:  .ioihnai.  of  lahoiiatorv  Axn  ri.ixirAi.  medicine 

ous  stniftures  (i\cr  lai-uc  ureas  in  wiiii-li  licmdi-rliaucs  frdiii  snuill  ruiitiivcd 
vessels  are  seen  in  large  numbers. 

In  most  instanees  there  is  an  ai-ute  alhuiiiiiious  degeneration  of  the  living 
tubular  cells,  which  are  pale,  bear  indistinct  nuclei  and  sometimes  liyaline 
changes,  and  the  lumina  of  the  tubules  contain  a  finely  granular  exudate. 

The  collecting  tubule  regions  are  chai-acterized  by  extra-  and  intratubular 
hemorrhages,  many  of  which  cover  large  areas  with  diffusion  of  red  blood 
cells;  and  by  the  acute  changes  in  the  parenchymatous  cells  which  are  greatly 
swollen,  nearly  filling  the  tubules,  and  are  often  indistinct  without  visible 
nuclei. 

..Microscopical  of  Group  2  (b):  In  this  group  of  arteriosclerotic  kidneys 
multiple  small  interstitial  and  intratubular  hemorrhages  are  marked  in  the 
patchy  sclerotic  zones  Avhere  congested  areas  seem  to  alternate  with  strips 
bearing  normal  appearing  vessels. 

There  is  a  general  hemorrhagic  glomerulitis  with  much  blood  pigment 
and  wide  edematous  spaces.  The  convoluted  tubules  present  flattened,  gran- 
ular, cloudy  cells,  sometimes  in  stages  of  disintegration.  (Fig.  11.)  Some 
of  the  collecting  tubules  contain  masses  of  red  blood  corpuscles,  and  hyaline 
casts  are  especially  numerous.  A  few  polymorphonuclear  leucocytes  are  oc- 
casionally seen  in  the  collecting  tubule  regions. 

GLANDS  OF   INTERNAL  .SECRETIONS 

Thyroid. — Nearly  all  of  the  adult  thyroids  show  atrophic  features  and  a 
chronic  interstitial  thyroiditis.  Congestion  with  abundant  deposits  of  blood  pig- 
ment are  the  constant  acute  changes. 

Adrenals. — These  glands  are  usuall.\-  swoUen  jind  dark  colored — actual  gross 
hemorrhages  are  not  seen. 

ilieroscopically  there  is  a  paleliy  cloudy  swelling  of  the  iiarcncliyniatons  cells 
of  the  cortex,  a  few  focal  necroses,  and  a  number  of  interstitial  hemorrhages. 
The  medullary  portion  is  congested  and  contains  many  lymphocytes. 

PHuitarij  Glands.- — Show  no  remarkable  acute  features. 

Pancreas. — This  organ  is  most  often  swollen,  congested  and  softened,  but 
is  occasionally  pale  and  firm. 

Microscopically  all  the  larger  vessels  are  engoi'ged  with  IiIckhI.  the  capillaries 
prominent  with  congestion,  and  a  few  interstitial  hemorrhages  are  noted.  The 
cells  of  the  alveolar  glands  and  of  the  pancreatic  ducts  are  in  some  cases  irreg- 
ular, slirnnken.  itwA  heavily  stained,  while  in  other  instanees  they  are  swollen 
cloud.v  and  iiidist  inet. 

The  islands  are  usually  small,  pale,  and  composed  of  a  few  widely  .separated 
cells.  Tlie  pancreatic  ducts  are  filled  with  granular  debris  and  their  walls  are 
strikintrl.\    nntlined  liy  intensely  congested  eai)illai'ics. 

CENTRAL    NERVOUS    SY.STEM 

'I'alile  III  gives  the  original  and  acute  gross  brain  lesions. 
Meninges. — The  cerebrospinal  fluid  is  usually  in  moderate  excess  and   the 
dura  presents  deepl.v  congested  vessels  and  engorged  sinuses. 

In   the  |ii;i   III.'  intricate  networks  ol'  capillaries  are   |ii'(iniiiicnt   over  ;ill  sur- 
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faces  of  the  liomispheres.  The  pia  of  tlie  cerebrum,  because  of  its  edema,  strips 
easily,  is  milky  in  color  and  is  frequently  opaque  along  the  vessel  sheaths. 

Jilood  diffusion  through  the  arachnoid  meshes  is  seen  in  many  specimens 
in  which  the  surfaces  ooze  blood,  where  veins  are  dilated  to  enormous  size, 
and  in  which  free  blood  pigments  are  abundant  in  the  depths  of  the  sulci. 
In  some  eases  the  pial  congestion  is  more  pronounced  over  the  sylvian  areas, 
w'here  the  veins  are  engorged  to  about  three  times  the  usual  size,  contain 
solid  casts  of  blood,  and  originate  large  hemorrhages,  whicli  extend  beneath 
the  membrane  to  the  surrounding  tissues;  in  others,  the  vessels  over  the  frontal 
and  parietal  lobes  are  more  prominent  and  contain  large  quantities  of  blood, 
some  of  which  has  diffused  out  through  the  arachnoid  spaces;  and  in  still 
other  cases  the  bases  of  the  frontal  and  temporal  lobes  are  most  intensively 
congested. 

The  gaping  sulci  of  the  senile  atrophic  cases  are  covered  by  cloudy  mem- 
branes, which  contain  many  bright-red  capillaries,  and  the  depths  of  the 
fissures  contain  much  free  blood,  which  often  diffuses  inward  as  far  as  the 
basal  ganglia.  The  cerebellar  pia  is  often  edematous  and  milky-white  in  color, 
but  seldom  exhibits  more  than  a  slight  injection  of  the  capillaries. 

Cerebral  Cortex. — This  structure  usually  presents  a  slight  brownish  tinge. 
These  red  pigments  are  deposited  through  the  cortex  and  have  infiltrated  the 
white  substance,  having  extended  from  the  congested  vessels  of  the  numerous 
sulci,  where  in  the  depths  this  change  is  marked.  The  cortex  and  white  mat- 
ter of  the  convohitious  are  filled  with  edematous  spaces,  multiple  acute  soften- 
ings, and  hemorrhagic  points. 

In  some  instances  the  jiarietal  operculum  is  particularly  hemorrhagic 
in  its  cortical  zones.  The  acute  changes  are  often  very  prominent,  particularly 
softenings  in  both  the  cortex  and  w'hite  substance  of  the  Islands  of  Reil. 

BRAIN  STEM  STRUCTURES 

The  basal  ganglia  are  soft,  boggy,  filled  with  petechial  hemorrhages,  and 
present  a  diffuse  pink  color.  In  the  thalami  and  in  the  caudate  nuclei  the 
hemorrhages  are  somewhat  larger  and  these  structures  often  exhibit  around 
the  larger  eenti-al  vessels  acute  softenings  which  extend  through  to  the  floor  of 
the  ventricle. 

The  internal  capsule  regions  contain  many  small  hemorrhages,  are  dark- 
ened in  color,  and  are  extremely  edematous. 

The  ependyma  of  the  occipital  extensions  of  the  lateral  ventricles  is  char- 
acterized by  a  bloody,  slimy  surface  deposit,  and  dilated  vessels.  In  general 
the  ependyma  of  the  lateral  ventricles  presents  considerable  blood  diffusion, 
and  a  discolored,  cloudy  surface  deposit  composed  largely  of  blood,  cerebro- 
spinal fluid,  and  loosened  membranes.  The  large  vessels  of  the  sub-ependymal 
regions  are  alwaj^s  engorged  with  blood. 

The  surfaces  as  well  as  the  substance  of  the  cerebellum  and  pons  are  deeply 
congested  and  contain  punctate  hemorrhages,  about  which  minute  areas  of 
necrosis  are  visible. 
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MICROSCOPK'AIi  CHARACTERISTICS  OF  THE  BRAIN"  SECTION'S 

Frontal  Lobes. — The  pia  mater  contains  dilated  thin  walled,  congested  ves- 
sels; and  larg-e  numbers  of  red  corpuscles  have  poured  into  the  enlarjied  fluid 
filled  arachnoid  spaces.  When  the  membranes  extend  into  the  sulci  there  are  de- 
posited many  red  lijood  cells,  lympluicyli's,  and  a  few  j)lasnia  ri'lN. 


'i'hc  i)lood  vessels  of  the  cortex  even  to  the  smallest  caiiiilaries  are  lillcd 
with  I'cd  bldod  corpuscles  or  throiubi  and  arc  suri-ciuiulcd  by  widened  peri- 
vascular lviiii)h  channels  many  (if  wiiich  arc  lillcd  with  hcnicirrlia<:es.  (h'\'^. 
12.) 

Kxtravasatioiis  i>\'  IiIikhI  inln  the  tissues  are  |)resenl  tliriivii:ii  the  cortex  and 
in  thr  wliilc   iiiallcr.     'Phi'  cciili-al   pni-IiMiis  lit  ilicsc   hciiKirrhaL'es  are   necrotic 
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aucl  loaded  with  hematogenous  pigment  and  the  periphery  also  exhibits  a  dif- 
fuse distribution  of  hemosiderin. 

In  some  of  the  eases  of  arteriosclerotic  brain  disease  patches  of  focal 
sclerosis  are  conspicuously  prominent  from  hemorrhages  occasioned  by  the 
rupture  of  the  weakened  walls  of  the  new  formation  vessels.    (Fig.  13.) 

The  superficial  layers  of  nerve  cells  are  swollen,  react  weakly  to  stains 
and  many  present  an  irregular  areolar  appearance.  The  deeper  cell  layers 
are  imbedded  in  diffusely  edematous  surroundings;  some  cells  are  vacuolated 
and  present  A-aricose  dendrites,  a  few  have  undergone  hyaline  degeneration 
and  are  surrounded  by  wandering  cells,  while  others  are  in  stages  of  ad- 
vanced chromatolysis. 

Through  the  white  matter  there  is  an  unusual  number  of  mononuclear 
leucocytes,  the  general  ]iicture  being  one  of  acute  edema  witli  beginning  en- 
cephalitis. 

Prc'cenfral  Gyrus. — Tlip  Betz  cells  in  general  are  ratlier  pale,  witli  an  in- 


crease in  pigment  in  the  axone  "hills".  In  some  places  the  cells  show  fatty 
changes,  hyaline  alterations,  and  fragmentation  of  the  chromatin  granules,  while 
in  others  the  nuclei  are  heavily  pigmented  eccentrically  situated,  and  in  some 
cells  showing  only  the  nucleolus. 

The  smaller  cortical  parenchymatous  cells  are  cloudy,  nuclei  iudi.stinct  and 
many  of  the  smaller  ones  are  more  than  half  replaced  by  yellow  globular  pig- 
mentation. In  .some  areas  these  cells  present  fragmented  chromatin  marginally 
arranged,  and  .sliowing  strong  basic  staining  properties.  A  few  cells  are  fatty 
and  elongated  while  others  are  contracted  and  heavily  stained.  The  vascular 
changes  are  similar  to  those  mentioned  under  the  frontal  lobes. 

Hippocampus. — Punctate  hemorrhages  are  noted  in  these  structures,  but 
most  of  the  nerve  cells  appear  exhausted.  In  addition  to  the  acute  changes 
the  arteriosclerotic  cases  show  pigmentation  of  the  cells,  some  of  which  are 
completely  replaced  by  yellow  pigment,  others  exhibiting  only  central  pigmen- 
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tation  and  still  others  with  only  a  thin  niai-iiiii  of  orig'inal  cell  structure  remain- 
ing.    Mononuclear  phagocytes  are  (|uitr  numerous. 

Cerehellum. — The  pia  in  the  depths  of  the  sulci  .shows  a  moderate  lympho- 
cyte infiltration  and  an  engorgement  of  all  vessels. 

The  molecular  layer  contains  many  lym|iln)cytes  and  presents  an  occasional 
hemorrhage  into  the  .substance. 

The  purkinjin  cells  show  exhaustion,  fragmentation  with  irregular  distribu- 
tion of  chromatin,  some  cloudy  swelling,  and  numerical  reduction  especially 
along  the  lateral  positions  on  the  leaflets  where  onlj^  the  faint  outlines  of  many 
cells  remain.  In  some  specimens  the  purkinjin  cells  are  .slightly  enlarged,  and 
heavily  stained,  showing  diffusion  of  chromatin  through  the  cytoplasm. 

Thalamus. — The  overlying  ependyma  is  usually  intact,  rather  cloudy,  and 
reacts  weakly  to  stains.  The  subependymal  -structures  are  diffusely  infiltrated 
with  lymphocytes.     (Fig.  14.) 

In  the  brains  showing  advanced  organic  vascular  changes  the  ependymal  cells 
are  clistintegrating  and  the  subependymal  tissues  present  dilated  perivascular 
lymph  spaces  and  an  occasional  minute  hemorrhage,  about  which  mononuclear 
wandering  phagocytes  collect  in  moderate  numbers. 

•  The  substance  of  the  thalamus  is  edematous  and  all  vessels  are  ju-omiuent 
from  congestion.  The  walls  of  many  of  the  larger  vessels  are  in  stages  of  early 
hyaline  degeneration  while  others  are  thrombosed.  A  large  proportion  of  the 
nerve  cells  appear  swollen  and  heavily  stained,  but  few  are  fragmented  and 
in  many  of  the  older  previously  affected  specimens,  the  nerve  cells  present  the 
additional  yellow  globular  pigment  in  the  cytoplasm  and  an  occasional  pig- 
mented nucleus. 

Lenticular  Nucleus. — There  is  a  deep  congestion  of  the  substance,  but  very 
few  hemorrhages,  and  no  periva.scular  necroses  are  seen.  The  nerve  cell  altera- 
tions resemble  those  of  the  thalamus. 

Choroid  Plexus. — The  cells  of  the  villi  evince  acute  hyiiertroiiliy.  Numerous 
engorged  ves.sels  have  ruptured  |)i)uriiig  out  red  blood  globules  which  are 
everywhere  in  evidence.  Dilatation  of  the  larger  vessels  and  bright  congestion 
of  the  minute  capillaries  are  the  striking  features. 

Medulla. — Many  ruiitured  vessels  are  seen  with  suri-ounding  zones  of  ne- 
crotic alterations,  and  accunuilations  of  blood  pigment  are  fre<piently  noted 
near  the  nerve  cells,  which  are  sometimes  graiudar,  but  usually  are  heavily 
stained  a  dei'p  blue  tT-om  the  diffusion  of  chromatin.  In  many  the  cytoplasm 
has  apparently  burst  ])ouring  its  substance  out  into  surrounding  spaces. 

The  capillaries  of  the  motor  regions  are  deeply  congested  and  are  surrounded 
by  lymphocytes.  The  lymph  sjiaees  occasionally  contain  a  few  polymorphonu- 
clear leucocytes. 

Olives. — Most  (>r  the  changes  appear  aeiile  with  iiiten.se  congestion  of  the 
ve.ssels,  the  walls  of  wliich  are  pale,  weakened  and  ruptured  producing  snuill  hem- 
orrhages, and  snrniiiiKled  by  lymphocytes  filled  with  blood  pigment.s,  as  are 
also  those  in  the  perivascular  lymph  spaces.  Many  other  vessels  with  walls  intact, 
but  choked  with  blood  are  observed.  The  nerve  cells  have  .swollen  nuclei,  and 
a  protoplasm  which  is  reduced  in  amount  and  generally  granular. 

Pans.— The  ])ons  tissue  shares  in  the  general  congestion  and  the  luu-ve  cells 


PATHOLOGY    OP    IXFLX'EXZA    IN    MEXTAL   DISEASE  553 

of  the  nuclei  are  swollen,  vacuolated  and  often  fragmented.  In  many  cells  the 
chromatin  presents  a  marginal  arrangement  in  the  cj-toplasm  or  is  occasionally 
massed  in  large  pale  staining  lumps  toward  the  center  of  the  cell  structure. 

Spinal  Cord. — The  cord  structures  present  an  unusually  intense  congestion 
and  numerous  lymphocytes  and  plasma  cells  collect  in  the  vicinity  of  the 
central  canal.  Some  of  the  anterior  horn  cells  appear  fairly  normal  showing 
only  a  slight  cloudiness,  but  in  general  the  acute  alterations  in  the  nerve  cells 
are  notable.  There  is  a  tendency  to  clumping  of  the  chromatin  material,  and 
in  most  cells  there  is  a  marked  reduction  in  the  number  of  nissl  bodies. 

CONCLUSIONS 

1.  Practically  all  tissues  of  the  body  presented  acute  changes,  the  result 
of  the  infection ;  these  changes  were  congestion,  edema,  degeneration,  and  rup- 
ture of  walls  of  blood  vessels  resulting  in  hemorrhages  and  focal  necroses, 
and  alterations  in  the  parenchymatous  cells  varying  in  degree  from  simple 
albuminous  degeneration  to  complete  necrosis.  When  the  organs  were  the 
seat  of  chronic  processes  having  an  abundance  of  new  formation  blood  vessels 
there  was  a  striking  hemorrhagic  picture  produced  from  the  rupture  of  these 
vessels,  and  the  associated  tissue  reactions. 

2.  Mucous  membranes  in  general  exhibited  one  or  the  other  of  two  changes, 
the  congested  vessels  were  plainly  visible  with  bright  capillary  networks  or  the 
membranes  were  a  dilTuse  beefy  red  color  from  rupture  of  vessels  and  general 
outpouring  of  red  blood  globules. 

3.  In  21  cases  the  kidneys  were  fairly  free  from  chronic  disease,  but  re- 
acted strongly  to  the  infection  bj^  acute  parenchymatous  cell  alterations, 
marked  general  edema  and  universally  by  hemorrhages,  which  varied  in  num- 
ber, size  and  location.  In  the  21  cases  forming  Group  II  of  original  pro- 
ductive nephritis,  the  acute  changes  were  more  diffuse  and  destructive, 
particularly  the  hemorrhages  which  were  often  remarkable  in  extent. 

4.  The  distribution  of  the  chronic  organic  brain  lesions  among  the  clinical 
divisions  were  as  follows : 


MENTAL   DIAGNOSIS 

NUMBER   OF 

CASES 

ORIGINAL    LESIONS 

.\BSENT 

Dementia  Prseeox 

20 

6 

14 

Arteriosclerotic    Dementia 

5 

5 

0 

Senile   Deterioration 

5 

5 

0 

Manic    Depres.sive    Insani 

t.v 

2 

2 

0 

Xeurosyphilis 

2 

2 

0 

Undiagnosed 

3 

2 

1 

Epileptic  Psychoses 

2 

2 

0 

Imbecility 

9 

2 

0 

Fetus 

1 

0 

1 

Total 

42  ' 

26 

16 

Of  the  twenty  c 

ases 

clinicallv 

dia; 

o'liosed 

dementia   p 

riecox. 

six 

showed 

original  organic  brain  disease  usually  of  the  nature  of  a  diffuse,  or  of  a  focal 
gliosis,  while  congestions,  hemorrhages,  and  acute  softenings  were  prominent 
through  all  structures  regardless  of  the  i^resence  or  absence  of  an  original 
lesion. 

In   the   l)rains   from   senile   and   arteriosclerotic    patients   presenting   the 
usual  vascular  changes  and  lack  of  adequate  nutrition,  tlie  acute  process  was 
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exceptionally    (lesti-uctivp   to    vessel    walls,    and    fcical    areas    of   softening   were 
most  abundant. 

5.  Although  tlie  above  acute  pathologic  changes  occurred  in  brain  tissue 
taken  from  individuals  with  psychoses,  and  organic  cerebral  lesions,  and  per- 
haps somewhat  more  susceptible  to  furtlier  alteration,  one  might  suppose 
and  indeed  it  has  been  found  to  be  the  ease,  that  these  acute  changes  are 
present  in  varying  degrees  in  brain  tissue  from  those  previously  free  from 
neurological  and  mental  symptoms. 

6.  Among  the  influenzal  and  postinfluenzal  psychoses,  described  by  nilmer- 
ous  writers,  the  acute  hallucinatory  disorders,  depressions  and  dementia  prsecox 
were  the  most  frequent.  The  intense  meningeal  and  cortical  edema  and  conges- 
tion, the  acute  processes  in  the  parencliymatous  cells,  and  the  alterations  in  the 
vessel  walls  ma.v  account  for  the  precipitation  of  many  cases  of  acute  hallucinatory 
disorder.  In  later  stages  of  cerebral  edema  there  has  been  evidence  of  a 
tendency  to  develop  depressions,  many  of  which  are  of  the  type  indicated  by 
the  term  Manic-  Depressive  Insanity. 

According  to  Menuinger  and  others  many  cases  of  the  dementia  pri¥cox 
group,  and  other  major  psychoses  have  passed  through  a  febrile  or  postfebrile 
delirium  and  have  shaded  gradually  into  the  more  prolonged  or  permanent 
condition ;  a  state  which  in  those  with  a  latent  tendency  may  perhaps  be  deter- 
mined, or  aroused  to  activitj'  by  the  cortical  and  subcortical  necroses  pro- 
duced by  small  thromboses  and  ruptured  vessels. 

Neurasthenia  with  its  characteristic  fatigue  without  energy  expend  has 
been  the  most  frequent  postinfluenzal  neurosis,  and  might  also  be  considered 
in  the  above  statement. 
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THE  ALKALI  RESERVE  OF  BLOOD  PLASMA  DURING  ACUTE 
ANAPHYLACTIC  SHOCK* 


By  a.  a.  Eggstein,  M.D.,  New  York,  X.  Y. 


A  DECREASE  of  the  alkali  reserve  of  blood  plasma  of  auimals  during  shock 
resulting  from  intravenous  injection  of  toxic  foi-eign  proteins  having  been 
observed,  a  group  of  acute  anaphylactic  experiments  were  outlined  in  order  to 
make  further  observations  upon  these  changes  in  toxemic  shock.  The  results 
observed  follow. 


In  these  experiments  rabbits,  dogs,  and  guinea  pigs  were  used  for  the  pro- 
duction of  anaphylactic  shock.  These  animals  were  sensitized  by  preliminary 
injections  of  horse  serum,  or  purified  dried  egg  albumen.  The  influence  of  the 
preliminary  or  sensitizing  doses  of  protein  upon  the  carbon  dioxide  capacity  of 
the  plasma  was  studied  and  found  negligible.  The  animals,  after  receiving  the 
sensitizing  doses  of  protein,  were  kept  upon  a  well  balanced  diet  for  an  interval 
sufficient  for  sensitization,  at  the  termination  of  which  the  shock  experiments 
were  made.  Preliminary  observations  of  the  alkali  reserve  of  the  blood  plasma 
were  made  upon  every  series  of  animals  used  in  the  experiments  for  several 
da.ys  before  the  production  of  shock,  to  determine  the  normal  daily  variations 
of  the  animals.  Following  these  preliminary  tests  the  animals  were  bled  im- 
mediately previous  to,  and  at  regular  intervals  following,  the  injection  of  the 
shock  dose  of  foreign  protein. 

EXPERIMENTS  UPON   RABBITS 

Eighteen  rabbits  were  sensitized  by  the  intravenous  injection  of  2  c.c, 
5  c.c.  and  8  c.c.  of  horse  serum  at  four-day  intervals.  After  the  last  sensi- 
tizing dose  preliminary  tests  were  begun  to  determine  the  daily  variation  of  the 
alkali  reserve  in  these  animals.  Marked  daily  variations  in  the  carbon  dioxide 
capacity  occurred  in  the  rabbits  without  apparent  cause  which  made  the  proper 
interpretations  of  the  findings  in  these  animals  questionable.  The  experiments 
were  continued,  however,  with  the  following  results: 

Eighteen  sensitized  rabbits  received  5  c.c.  of  horse  serum  intravenously  as 
the  toxic  dose.  The  following  table  represents  the  average  data  obtained  in  these 
animals.  As  the  findings  of  eighteen  animals  are  included  in  the  table,  the 
results  probably  represent  the  changes  which  occur  in  the  alkali  reserve  of  rab- 
bits during  anaphylactic  shock.     (See  Table  I.) 

The  symptoms  of  acute  anaphylactic  shock  in  rabbits  are  not  produced  with 
any  degree  of  uniformity  and  may  only  become  manifest  after  several  days. 
However,  several  animals  included  in  the  table  showed  acute  symptoms.     All 
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April  8,  1919 
April  9,  1919 
April  10th 
April   11th—  9 
9: 

30 

A.M. 
A.M.- 

before   shock 
—injection  5  c.e. 

1] 

A.M. 

liorse   serum 

3 

P.M. 

April  12th       9 

P.M. 
A.M. 
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Average  percentage  carbon  dioxide  capacity  of  18  rabbit.s  in  anaphylactic  shock 
Animals  received  last  sensitizing  dose  March  17,  1919 

jj^^j.  C.C.    OP   COj   CHEMICALLY   BOUND    BY   100    C.C.    OP 

PLASMA 

56.7 
45.9 
59.1 
54.2 

36.3 

50.2 
57.3 
50^3 

the  rabbits  became  emaciated  and  several  died  in  four  to  six  da.ys.  The  delayed 
effect  of  anaphylactic  shock  in  rabbits  and  the  normal  variations  of  the  alkali 
reserve  of  the  blood  in  these  animals,  with  no  apparent  cause,  render  them  un- 
satisfactory for  these  experiments  and  they  were  abandoned.  In  the  above 
tabulated  series  of  rabbits  there  appeared  to  exist  for  a  brief  period  of  time  an 
acidosis,  however,  no  definite  conclusions  are  considered  justitiable. 

EXPERIMENTS  UPON  DOGS 

Several  groups  of  dogs  were  sensitized  to  either  horse  serum  or  egg  albumen. 
When  horse  serum  was  used  each  dog  received  5  c.c,  7  c.c.  and  10  c.e.  of  serum 
intravenously  at  three  day  intervals.  When  egg  albumen  was  used,  each  animal 
received  0.25  gms.,  0.5  gms.  and  1  gm.  of  dried  egg,  albumen  intravenously  at 
three  da.y  intervals.  Neither  of  these  substances  produced  a  reduction  of  the 
carbon  dioxide  capacity  of  the  dog  plasma  during  the  sensitizing  injections. 
Identical  results  were  obtained  in  the  anaphylactic  experiments,  regardless  of 
whether  egg  albumen  or  horse  serum  was  the  sensitizing  protein.  Therefore 
the  results  obtained  are  tabulated  together.  In  tlic  following  table  is  shown 
the  average  carbon  dioxide  capacity  of  the  plasma  in  twenty-one  dogs,  previous 
to  and  as  a  I'osult  of  aii<ii)hyl:ic1i('  shni'k. 

Table  II 

.Average  weight  of  21  dogs,  6.5  kg. 

Average  amount  of  egg  albumen  to  produce  shock  in  9  dogs  of  these  series  0.3  gms.  per  kg. 

Average  amount  of  horse  serum  to  produce  shock  in  12  remaining  dogs,  0.5  c.c.  per  kg. 

TIME    intervals                                       ^'^'    "^   ^^^   CHEMICALLY   BOUND   BY    100   C.C.    OP 
PLASMA 

Before  injection  52.8 

1.5  minutes  later  shock  dose  of  protein 

2  hours  later  25.1 

6  hours  later  36.1 

24  hours  later  48.7 

In  this  table  is  shown  a  great  decrease  of  the  alkali  reserve  of  the  plasma 
during  acute  anapliylactic  .shock  in  a  series  of  21  dogs.  In  several  of  tlic  animals 
the  carbon  dioxide  ca])acity  dropped,  in  two  hours'  time,  to  10  volume  per 
cent.    Five  of  tlie  dogs  died  within  the  first  six  hours.     Each  of  tlic  five  animals 
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showed  a  carbon  dioxide  pereeotage  below  20  volume  per  cent.  Two  of  the 
animals  included  in  the  table  showed  a  drop  of  only  5  per  cent  following  shock, 
but  clinically  both  animals  were  severely  shocked.  In  several  of  these  dogs  there 
was  a  complete  restitution  of  the  carbon  dioxide  capacity  of  the  blood  m 
six  hours  after  the  injection  of  the  shock  dose  of  protein,  the  minimum  CO, 
capacity  remaining  only  a  brief  time.  In  three  of  the  animals  the  blood 
pressure  was  also  observed,  the  drop  in  the  alkali  reserve  being  found  to 
begin  shortly  before  the  drop  in  the  blood  pressure,  and  the  extent  of  the 
fall  of  alkali  wa-s  directly  proportionate  to  the  lowered  pressure.  When  the 
drop  in  the  alkali  reserve  was  most  marked,  the  animals  showed  rapid  respira- 
tion, nausea  and  vomiting,  cyanosis,  dilated  pupils,  and  marked  prostration. 
Having  observed  a  lowered  carbon  dioxide  capacity  in  the  blood  plasma 
of  a  series  of  dogs  in  acute  anaphylactic  shock,  it  was  advisable  to  determine 
how  soon  after  the  injection  of  the  shock  dose  of  protein  the  acidosis  begins 
to  develop,  and  to  study  the  subsequent  changes  which  follow  in  the  alkali 
of  the  blood.  For  this  study  a  number  of  animals  were  bled  at  frequent  in- 
tervals after  receiving  the  shock  dose  of  protein.  The  results  of  these  experi- 
ments are  shown  in  Table  III. 


A  dog  weighing  S  kg.,  sensitized  with  5  c.c,  7  c.c,  and  10  e.c.  horse  serum,  intravenously, 
April  15,  18  and  21,  1919.    Upon  May  13  anaphylactic  shock  was  produced. 


TIME    INTERVALS 

INJECTIONS 

C.C.     OF    CO.    CHEMICALLY 
BOUND   BY   100    C.C.   PLASMA 

ilnv  1.3th—  9 
14th—  9 
l.jth—  9 

A.M. 

57.6 
56.7 
50.0 

—  9:10 

—  9:17 

" 

■i  C.C.  horse  serum  intravenously 

35.7 

—  9:42 

i' 

19.6 

—  9:47 

" 

17.0 

—10 

" 

Dog  died 

This  animal  showed  a  drop  in  the  carbon  dioxide  capacity  of  its  plasma 
of  14..3  volume  per  cent  in  seven  minutes  after  the  injection  of  the  toxic  dose 
of  horse  serum.  In  this  period  the  animal  showed  no  noticeable,  clinical  .symp- 
toms of  shock.  In  thirty-two  minutes  the  carbon  dioxide  capacity  had  dropped 
to  30.4:  volume  per  cent  with  the  animal  in  profound  shock.  In  eighteen  addi- 
tional minutes  the  animal  was  dead.  This  experiment  showed  a  very  early  and 
rapidly  progressive  acidosis  in  acute  anaphjdactie  shock. 

The  following  experiment  shows  more  clearly  the  progress  of  the  acidosis 
after  acute  anaphylactic  shock  as  the  animal  was  bled  at  shorter  intervals. 

A  dog,  weighing  7.8  kg.,  was  sensitized  April  15,  18  and  21,  with  5  c.c,  7  c.c. 
and  10  c.c.  horse  serum  intravenously.  On  May  15  the  dog  was  rendered 
anaphylactic.  The  alkali  reserve  of  the  blood  was  estimated  two  days  previous 
to  the  shock  to  determine  the  stability  of  the  carbon  dioxide  in  this  animal.  In 
order  to  bleed  the  animal  at  frequent  intervals  a  trochar  and  cannula  was  inserted 
into  the  jugular  vein  previous  to  the  injection  of  the  horse  serum.    (See  Table  IV.) 

In  three  minutes  after  the  shock  dose  of  protein  this  dog  began  to  show 
a  drop  in  the  alkali  reserve  of  the  pla.sma  and  continued  to  decrease  rapidly  for 
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TIME    INTERVALS 

INJECTIONS 

C.C. 

OP 

COj    CHEMICALLY 

BOUND   BY   lUU   C.C.   PLASMA 

May  13th—  S) 

A.M. 

•   58.3 

14th—  9 

57.6 

15th—  9 

55.7 

—  9:10 

i  c.c.  horse  scrum  iiitravonouslv 

—  9:i:i 

53.4 

—  9:1S 

42.1 

—  9:. -SO 

30.4 

—  9:45 

28.7 

—10 

20.2 

—12 

25.2 

—  3 

P.M. 

35.2 

—  6 

" 

45.3 

Mav  16th—  9 

A.M. 

(log   apparently   well 

54.8 

about  two  liours  until  the  dog  reacted  favorably  to  the  .shock,  when  the  alkali 
of  the  blood  began  to  increase  and  became  normal  iu  less  than  twenty-four  hours. 
The  acidosis  in  this  animal  M-as  apparent  before  the  development  of  clinical 
evidences  of  shock.  In  order  that  the  frequent  readings  necessary  to  follow 
these  changes  would  not  influence  the  result  of  the  experiment,  only  small 
quantities  of  blood  were  withdrawn  and  0.5  c.c.  plasma  used  for  the  tests.  The 
proportion  of  plasma  to  the  cell  volume  of  the  blood  was  noticeably  decreased 
as  the  animal  became  more  deeply  shocked  and  greater  quantities  of  blood  had  to 
be  withdrawn  to  obtain  sufficient  plasma  for  the  determinations. 

EFFECT    OF    ALKALINE    TREATMENT 

Alkaline  treatment  has  been  shown  to  influence  favorably  toxemic  and  sur- 
gical shock,  and  .since  a  marked  and  rapid  acidosis  is  associated  with  acute  ana- 
phylactic shock,  it  was  considered  advisable  to  determine  the  effect  of  tlie  pre- 
liminary administration  of  alkali  upon  this  form  of  shock. 


Table  V 

This  table  represents  the  average  figures  of  10  dogs. 

Average  clog  weighed  6  kg. 

Average  amount  horse  serum  given  to  produce  shock,  1  c.c.  per  kg. 


TIME    INTERVALS 

INJECTIONS 

C.C. 
BOUND 

OP 
BY 

COj    CHEMICALLY 
100   C.C.   OP   PLASMA 

.May  18th 

55.7 

19th 

2  gm.  sodium  bicarbonate 

58.fi 

20th 
21st 

do 
do 

62.4 
67.2 

22a 
23d 

do 

do 

73.9 
79.7 

24th— 0  A.M. 

S0.6 

10  minutes  later 

1  c.c.  horse  serum  jier  kg. 

2  hours  later 

.35.3 

6  hours  later 
24  hours  later 

40.9 
58.4 

From  Table  V  it  can  be  .seen  that  in  dogs  receiving  alkaline  treatment 
there  is  nsuiilly  ;i  drciilrd  dnip  in  tlir  .Mflidii  dioxich'  combining  power  of  the 
scrum  lollowiii;:-  iiciilc  iinaphylarl  ir  shock,  liul  Ihc  iniiiiinuni  rarely  rcnchcs  a 
point  hrlow  2.')  volnnir  pn-  ri'iil,  which  was  tVrrpicnl  ly  oliscrvni   in  the  untreated 
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dogs  and  was  considered  dangerous  to  the  life  of  the  animal.  Of  the  ten  dogs 
treated  with  alkali  only  one  died,  while  in  the  twenty-one  dogs  not  so  treated 
five  died.  Several  of  the  alkali-treated  animals  showed  severe  anaphylactic 
shock,  but  their  recovery  was  rapid  and  their  respiratory  and  circulatory  symp- 
toms less  severe. 


GUINEA  PIG  EXPERIMENTS 

The  beneficial  effects  of  the  administration  of  alkali  to  dogs  in  anaphylactic 
shock  having  been  observed  and  as  the  practical  application  of  the  alkaline 
treatment  of  toxemic  shock  would  be  of  considerable  importance,  if  elfective,  a 
similar  study  was  instituted  in  guinea  pigs.  Ninety-four  guinea  pigs  were  sensi- 
tized by  the  intraperitoneal  injection  of  0.1  c.c.  horse  serum.  After  a  sensitizing 
period  of  eighteen  days,  these  animals  were  used  for  the  tests  which  are  tabulated 
below. 


Table  VI 

°  E 
z  o 

s 

<  S 
«  o 

3 

go"! 

oW  « 

9   «  3 

<Z  5 

TIME  BETWEEN 
\LKALI    AND 
SERUM    IN- 
JECTIONS 

o 

2  ^ 

3.    M 

m 

« t 

S    H 

e!  us 
a  ° 

a  o 

si 

GENEKAL   CHARArTER   OF 
SYMPTOMS 

278 

none 

294 

none 

268 

none 

287 

none 

310 

0.1  gms. 

28.3 

0.3  gms. 

271 

0.4  gms 

290 

0.3  gms. 

10  mins. 

12  min.s. 

20  mins. 

18  mhis. 


0.05  CO. 

80 

30  mins. 

0.1    c.c. 

100 

12  mins. 

0.2    c.c. 

100 

10  mins. 

0.3    c.c. 

100 

11  mins. 

0.1    c.c. 

85.7 

17  mins. 

0.1    c.c. 

78.5 

19  mins. 

0.1    c.c. 

85.7 

18  mins. 

0.3     c.c. 

92.8 

14  mins. 

Two  animals  liacl  severe  symp- 
toms of  shock  while  others 
showed   little   or   none. 

All  animals  had  severe  and  typi- 
cal symptoms  of  anaphyla.xis. 

Typical  symptoms  of  anaphy- 
laxis. 

Typical  anaphylactic  deaths. 

Two  animals  failed  to  show 
symptoms.     Twelve  died. 

One  animal  normal.  Others 
showed  varying  degrees  of 
shock.     Ten  died. 

Symptoms  severe.  Three  re- 
covered and  twelve  died. 

Symptoms  severe  and  typical 
but  death  somewhat  delayed. 
Thirteen  died. 


In  Table  VI  are  shown  the  composite  results  upon  the  experiments  of 
ninety-four  guinea  pigs,  showing  the  effects  of  alkaline  treatment  upon  acute 
anaphylactic  shock.  The  table  gives  the  average  number  and  average  weight 
of  the  animals ;  the  amount  of  alkali  administered ;  period  of  time  intervening 
between  the  administration  of  the  alkali  and  the  injection  of  the  shock  dose  of 
serum;  the  variations  in  the  amount  of  the  dose  of  the  serum  in  each  series  of 
animals,  to  determine  the  approximate  minimum  lethal  dose  and  the  percentage 
mortality.  The  length  of  time  necessary  to  produce  death  and  the  .symptoms 
produced  after  the  administration  of  the  toxic  dose  of  the  protein  is  shown. 
Of  the  series  of  animals  receiving  0.05  c.c.  serum  80  per  cent  died,  while  the 
animals  receiving  0.1  c.c.  of  serum  .showed  a  mortality  of  100  per  cent.  The 
group  of  animals  receiving  0.2  c.c.  and  0.3  c.c.  of  serum  showed  100  per  cent 
mortality.    Tliese  four  groups  of  thirty-eight  animals  received  no  alkaline  treat- 
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meiit,  being  used  to  determine  the  luiuiinuni  lethal  dose  of  tiie  i'oreiy:n  serum. 
This  was  found  to  be  between  0.1  c.e.  and  0.5  c.e.  As  0.1  e.c.  of  serum  killed 
100  per  cent  of  the  animals,  this  dose  was  used  as  the  amount  of  serum  for  sev- 
eral series  of  guinea  pigs  treated  with  sodium  bicarbonate.  Of  the.se  fourteen 
pigs  were  given  0.1  gms.  sodium  bicarbonate  intravenously  and  in  an  average 
period  of  ten  minutes,  0.1  e.c.  of  horse  .scrum  was  injected  intravenously.  Au 
average  of  85.7  per  cent  of  these  animals  died,  showing  a  decreased  mortalitj-  of 
14.3  per  cent  over  the  untreated  animals.  Another  group  of  animals  received 
0.3  gms.  of  sodium  bicarbonate  intravenously  and  in  twelve  minutes  wore  given  0.1 
c.e.  horse  serum,  with  a  mortality  of  78.5  per  cent.  Another  group  of  sensitized 
pigs  i-eeeived  0.4  gms.  of  sodium  bicarbonate  and  the  same  amount  of  horse  serum 
as  the  previous  animals,  with  a  mortality  of  85.7  per  cent.  A  fourth  series  of 
pigs  were  given  0.3  gms.  of  alkali  and  0.3  e.c.  of  horse  serum  with  little  jirotec- 
tion,  as  92.8  per  cent  died. 

The  results  seemed  to  show  that  only  slight  protection  is  derived  from  the 
preliminary  alkaline  treatment  of  the  sensitized  guinea  pigs  in  acute  anaphy- 
lactic shock.  The  mortality  of  tlie  animals  remained  high  even  if  large  doses 
of  sodium  bicarbonate  were  given. 

conclusion 

1.  Rabbits  are  unsatisfactory  Un-  the  study  of  the  changes  in  the  carbon  diox- 
ide capacity  of  the  plasma  in  acute  anaphylactic  shock,  due  to  the  marked 
normal  variations  from  daj'  to  day  in  the  carbon  dioxide  combining  power  of 
their  plasma  and  because  anaphylaxis  in  rabbits  is  very  frequently  not  an  acute 
shock. 

2.  Acute  anaphylactic  shock  in  dogs  is  associated  with  au  immediate  and 
progre.ssive  acidosis.  The  acidosis  appears  before  the  onset  of  recognizable 
clinical  symptoms  of  shock.  When  the  carbon-dioxide  capacity  of  the  blood 
plasma  falls  below  25  volume  per  cent  the  animal  usually  dies.  The  acidosis 
is  quickly  relieved  after  shock  if  the  animal  survives.  The  alkali  reserve  of  the 
plasma  is  restored  to  normal  in  less  than  six  houi-s. 

3.  The  administration  of  sodium  bicarbonate  to  dogs  before  anaphylactic 
sllock  has  an  apparent  lieneticial  iiiHuence  upon  the  recovery  of  the  animals. 
However,  it  will  not  always  ])revent  death  even  though  the  alkaline  reserve  of 
the  plasma  is  restoi'cd  to  noi-mal  or  above. 

4.  Alkaline  treatment  of  guinea  pigs  ])reiiminary  to  acute  anaphylactic 
shock  reduced  the  nun-t.-ilily  l(i.7  [>f]-  cent  in  a  series  of  forty-two  animals 
treated  with  relatively  large  doses  of  sodimn  biciirbonnte  iiitivivenoiisly  and 
a  miniiiiiiin  Icthiil  shock  dose  of  the  sensitizing  jiroteiiL 


THE  ETIOLOGY  OF  SCARLET  FEVER* 
III.    The  Alkali-Producing  Organisms  in  Scarlet  Fever 


By  R.  W.  Fryer,  Dk.P.H.,  Detroit,  Mich. 


THIS  paper  is  a  coiitiiuiatioD  of  the  work  started  in  1917  in  the  Bureau  of 
Laboratories   of   the   Detroit  Health  Department,    and   which   has    been 
briefly  reported  on  in  two  previous  papers.^-  - 

The  results  of  some  rather  intensive  work  in  this  laboratory  for  the  past 
year  have  been  so  suggestive  that  it  is  felt  that  further  report  should  be  made, 
in  order,  if  possible,  to  stimulate  others  along  this  line  of  endeavor,  and  to 
see  whether  or  not  this  organism  is  directly  connected  with  the  disease  either 
as  the  infecting  agent  or  as  an  as.sociated  organism.  Practically  the  only 
other  reported  work  on  the  bacteriology  of  scarlet  fever  that  shows  any 
similarity  to  ours  is  that  reported  by  Cantacuzene^  in  1914.  It  is  possible 
that  he  is  working  with  the  same  organism  that  we  are  although  he  makes 
no  mention  of  spore  production  which  is  one  of  the  distinctive  characteristics 
of  our  cultures.  There  are  many  things  about  these  cultures  that  lead  us  to 
feel  certain  that  they  are  not  ordinary  bacteria,  among  them  being  their 
growth  on  an  exceedingly  alkaline  meat-free  medium,  their  unusual  spore 
production  and  their  appearance  at  certain  stages  as  revealed  In*  the  differen- 
tial stains. 

I  think  we  are  safe  in  saying  that  if  this  organism  does  not  come  into 
the  higher  bacteria  group  that  an  alkali-producing,  spore-bearing  coccus  is 
something  new. 

However,  the  possibilty  of  this  organism  falling  into  some  division  of 
the  so-called  higher  bacteria  group  does  not  by  any  means  exclude  it  as  a  pos- 
sible cause  of  scarlet  fever.  Indeed  it  rather  strengthens  the  chain  because 
of  two  things  we  know  about  the  disease. 

A  fairly  regular  blood  picture  in  scarlet  fever  is  a  gradual  increase  in  the 
eosinophile  count  usually  starting  after  the  total  white  cell  count  begins  to 
fall  toward  normal.  Much  the  same  thing  holds  true  in  some  other  disease  of 
nonbacterial  etiology  and  particularly  those  caused  by  the  protozoa. 

Dr.  V.  C.  Vaughan  who  has  been  making  an  extensive  study  of  the  epi- 
demiology of  scarlet  fever  called  my  attention  to  the  fact  that  indigenous  scarlet 
fever  was  practically  unknown  in  the  ti'opics  and  suggested  trying  lower  temper- 
atures than  were  ordinarily  used,  having  in  mind  the  work  on  the  cultivation  of 
certain  of  the  protozoa  particularly  leishmania  in  kala-azar,  and  the  trypano- 
somes. 

The  organisms  which  we  have  isolated  and  reported  on  previously,  pro- 
duced alkali  in  all  sugar  media.    There  are  apparently  several  groups  of  these 
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alkali-producinpr  organisms  which  cini  lie  I'diiiul  in  Ihis  disease,  and  we  have 
made  a  rougli  attempt  to  classify  tliciii  into  jiimips  according  to  certain  defi- 
nite l)i()logi('al  characteristics. 

<;r()ui)  one  and  group  two  liave  certain  pcculiarilics  which  nialve  their 
chissification  within  certain  limits  rather  easy.  Since  the  organisms  which  we 
cla.ssify  as  group  one  have  been  found  only  in  scarlet  fever,  we  will  confine 
ourselves  very  largely  to  a  discussion  of  this  grcniji. 

Group  one.  The  organisms  which  we  classify  as  belonging  to  group  one 
are  the  same  as  the  large  coccus  forms  reported  from  this  laboratory  in  previous 
papers.  No  mention  has  been  made  l)efore  of  the  spore  production  but  after 
a  varying  time  in  subculture  on  ordinary  media  the  spore  production  is 
prompt  and  regular.  These  cultures  produce  alkali  in  sugar  media  and  are 
characterized  by  a  peculiar  amin  odor.  They  have  been  isolated  from  the 
blood  and  from  the  throat  but  most  frequently  from  the  tongue.  Although 
our  number  of  isolations  is  low  compared  with  the  number  of  eases  exam- 
ined, we  feel  that  this  organism  is  worthy  of  much  study  because  of  its  pe- 
culiarities. In  spite  of  the  great  number  of  other  cases  examined,  we  have 
never  found  it  in  anything  but  scarlet  fever.  There  are  several  methods 
which  may  be  used  in  isolating  this  organism  but  two  only  need  be  mentioned. 

The  first  is  by  .streaking  on  blood  agar  plates  and  picking  colonies  from 
these.  It  is  necessary  to  pick  a  large  number  of  colonies  since  the  growth 
on  this  medium  is  not  very  characteristic.  These  organisms  grow  rather 
slowly  at  first.  The  colonies  have  a  regular,  definite  edge;  are  flattened  and 
semiopaque.  After  a  number  of  days  on  this  media  they  tend  to  flatten 
out  and  become  almost  invisible  so  that  in  the  mixed  culture  that  we  get  in 
this  way.  isolation  is  difficult. 

The  second  method  is  by  the  use  of  a  modified  Babouraud's  agar.  The 
formula  that  has  given  us  the  best   results  is  as  follows: 

Peptone  10  grams 

Agar  15  grams 

Sucrose  100  Grams 

Water  lOOO  c.c. 

After  solution  ;")()  c.c.  of  aiipi'oxinialdy  normal  sodinni  hydrate  sulution 
is  added  per  liter  and  l.lili  c.c.  of  llie  stock  snlutinn  of  Brom-thyniol  blue. 
This  stock  solution  is  made  by  dissolving  '/kj  gi'inn  nf  the  dry  dye  in  15  c.c. 
of  walcr  contaiiiiiig  '-^.'2  c.c.  of  201  li  normal  sodium  hydrate.  The  hydrogen-ion 
value  of  this  medium  as  determined  by  the  potentiometer  is  about  Ph  9.8. 
Practically  nunc  of  the  nrdinai'v  hactrfia  arc  funnd  to  grow  at  all  on  this 
medium.  Ilii\vr\-cr.  we  lia\e  cari-Jcd  cultures  (if  this  gronji  on  this  medium  for 
over  a  iriontli.  altliough  growtli  is  not  as  alinndant  or  as  rajiid  as  on  a  less 
alkaline  medium.  Swabs  from  tlic  toniiuc  in  acute  cases  of  scarlet  fever  are 
planted  on  slants  of  this  iMcditim  and  inculiati'd  at  S2Y2°  C.  for  from  two  to 
seven  days,  and  thi'U  l<i'pl  at  I'uoin  tcmpcial  ure  (a)ii)roximate]y  '25°)  for 
ahinit  tlii-cr  weeks,  oceasidnall y  plating  on  the  same  nicdinin  and  watciiiiig 
for  ty])ical  sriiii(ipa(|nc  lihh'  ciildnies.  Tlii'sc  cdliinics  which  rciinii'c  two  dr 
tiircc   (la\s    to   dcxcldp    in    <:: I    shape    arc   transferred    Id   slants   df   nn'dia    of 
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iipproxiiuately  the  same  composition,  but  containing  a  smaller  amount  of 
alkali;  the  Ph  value  of  these  media  being  7.4.  After  24  hours'  incubation  at 
o7i/2°  all  the  tubes  are  examined  and  any  showing  acid  production  with  ap- 
parentl}^  pure  culture  are  discarded.  The  alkali-producing  cultures  were 
reserved  for  further  study  and  the  acid  tubes  that  showed  a  mixed  exdture 
were  replated.  By  use  of  this  method,  we  have  been  able  to  isolate  the  spore- 
bearing,  alkali-producing  organism  in  eight  out  of  forty  cases  of  scarlet  fever, 
while  material  from  fifty  other  cases  including  diphtheria,  tuberculosis  and 
normal  people  studied  at  the  same  time  and  under  identical  culture  conditions 
failed  to  yield  any  organism  of  this  type. 

THE    ORGANISM 

The  vegetating  cell  runs  fairly  uniform  in  size  whatever  media  is  used  and 
wiiatever  temperature  at  which  the  culture  is  grown.  Growth  will  occur  at 
all  temperatures  betAveen  25°  and  42°  C.  with  the  optimum  temperature  lying 
between  30  and  40°.  The  limits  of  size  are  up  to  five  microns  in  diameter,  and 
with  an  average  size  of  about  3  to  4  microns.  The  actively  growing  organism 
is  nearly  round  although  in  older  cultures  many  apparently  coccus-bacillus 
forms  may  be  seen.  The  orientation  is  somewhat  suggestive  of  the  staphy- 
lococcus and  in  making  a  smear  in  a  drop  of  water  on  a  slide  the  organisms  tend 
to  become  evenly  distributed  in  the  suspension.  Spore  production  occurs  best 
on  blood  or  nutrient  agar  at  371/2°  C.  Ordinary  incubation  temperatiire  is 
the  best  whatever  medium  is  used  although  spore  production  will  occur  at  321/4 ° 
('.,  but  is  limited  or  lacking  entirely  when  grown  at  lower  temperatures.  On 
tlie  meat-free  carbohydrate  media  few  spores  are  found  in  comparison  with 
the  growth  on  richer  media.  The  spores  vary  in  size  within  wide  limits  and 
the  larger  ones  are  frequently  lying  free  and  about  the  .same  size  as  the 
organism  itself.    Three  facts  of  interest  stand  out  in  the  study  of  these  spores. 

First  their  comparatively  gi-eat  heat  resistance.  Two  hours'  boiling  of 
the  suspension  in  distilled  water  is  not  sufficient  to  kill;  the  suspension 
being  heated  in  a  test  tube  within  a  covered  pail.  We  have  had  a  few  sus- 
licn.sions  that  have  withstood  a  temperature  of  110°  in  the  autoclave,  but  in 
no  instance  have  we  had  growth  after  raising  the  temperature  to  112°,  the 
autoclave  being  turned  off  when  a  temjierature  of  112°  is  indicated  and  allowed 
to  cool  down  as  quickly  as  possible. 

Second,  when  cultures  are  made  of  this  heated  suspension  there  is  fi-e- 
quently  no  visible  growi:h  after  24  hours  in  the  incubator.  However,  if  a  sterile 
platinum  wire  is  riibbed  over  the  surface  of  the  slants  and  the  slants  are 
returned  to  the  incubator  a  heavy  growth  will  occur  in  about  eight  hours. 

Third,  no  spore  can  be  demonstrated  when  these  cultures  are  grown  in 
symbiosis  with  other  organisms.  For  example,  the  mixture  of  these  organisms 
with  staphylococcus  after  twenty-four  hours  on  any  medium  tried  show  no 
spore  by  staining  or  heat  testing  methods. 

The  organism  stains  rondily  with  the  basic  aniline  dyes,  but  not  with  the 
acid  ones.  Its  behavior  to  the  Gram  stain  is  uncertain  but  it  probably  must 
be   classified   as   Gram-negative.       In   this   connection,    it    is   interesting   that 
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gentian  violet  in  coueeutratii)ii  nf  1  to  KMI.OOO  in  solid  media  completely  in- 
hibits growth.  With  differmtiiil  st;iiiis  sucli  as  (liemsa's  or  some  of  the 
modifications  of  the  Romanowsky  stain  in  youn^v  culture,  i.  e..  freshly  isolated 
cultures,  a  beautiful  contrast  stain  can  occasionally  lie  obtained.  The  ends 
of  the  organism  take  a  deep  azure  color  while  the  center  area  is  unstained. 
Within  this  unstained  area  is  a  definite  I'rd  staining  body  which  closely  re- 
sembles a  nueleu.s,  although  it  is  possible  that  it  is  the  starting  of  the  spore. 

In  s.ymbiosis  with  the  staphylococcus,  this  organism  is  easily  C4ram-negative 
in  contrast  to  its  ordinary  indifference. 

The  general  appearance  of  the  colony  is  iiiucli  the  same  whatever  medium 
is  used.  Regular  edges,  flat  dull  surface  and  in  older  cultures  a  flattening 
out  and  at  first  glance  it  looks  as  though  there  was  no  growth  on  the  tube. 
In  all  cases  there  is  a  slight  sticking  to  the  media  and  the  growth  is  somewhat 
viscid  although  nothing  like  that  of  the  Friedliinder  pneumobacillus  for 
instance. 

The  growth  in  broth  and  liquid  media  in  general  is  slow.  There  is 
no  pelicle  formation  but  after  two  to  three  weeks  a  slimj^  deposit  begins  to 
form  in  the  bottom  of  the  tube.    On  Loeffler's  medium  growth  is  poor. 

In  litmus  milk  these  cultures  grow  slowly,  but  after  about  three  weeks 
there  is  a  definite  production  of  alkali.  There  is  apparently  no  acidity  shown 
at  any  time. and  no  change  of  any  importance  other  than  the  gradual  pro- 
duction of  alkali.  Since  these  organisms  grow  best  on  the  surface  of  the 
solid  media,  the  carbohydrate  work  has  been  done  in  two  ways,  one  set  of 
cultures  being  planted  on  a  modified  Sabourands  agar  containing  peptone 
but  no  meat,  and  2  per  cent  of  the  carbohydrate  ■which  we  wish  to  test. 

Another  set  has  been  grown  in  ordinary  meat  extract  broth  to  which  two 
per  cent  of  the  sugar  has  been  added.  In  both  these  cases  sterilization  has 
been  carried  out  by  the  intermittent  method.  The  growth  and  consequently 
the  alkali  ])r(i(luction  is  much  more  rapid  on  the  solid  media  than  in  the  fluid 
media. 

Till'  initial  nviction  of  the  iiic(li\nn  is  a  matter  of  considei'able  importance 
since  practically  no  growth  occurs  on  nu'dia  in  which  the  l^n  value  is  beloAV  6.8. 

We  have  adjusted  the  reaction  of  our  nu'dia  in  this  carbohydrate  work 
so  that  after  sterilization  the  I'n  \alue  is  ai)i)roximately  7.  in  all  cases  in 
all  the  sugars  tested  there  is  never  any  acid  formation. 

We  have  tested  these  cultures  on  the  following  carbohydrates:  glucose, 
sucrose,  lactose,  maltose,  mannite.  dextrin,  levulose  aiul  zylose. 

The  iinioniil  of  ;dk:ili  ))roduced  in  any  ease  is  not  high,  the  niaxiniuni 
ainouii)  ipliscr\c(l  licing  a  liiuil  reaction  of  P,,  7.8. 

In  this  connection  it  is  intci-csl  iny-  to  note  that  alkali  production  is  more 
abundanl   and  very  niuch  nun-e  i-apiil  with  sucrose  than  with  any  other  sugar. 

The  opiimuMi  r,i  \alne  for  growth  of  this  organism  is  about  1.'^  to  7.5 
althougii  griiwlh  will  occur  at  values  as  high  as  10.  (hi  media  with  a  I'u 
value  below  7,  iirowth  is  uncerlain.  There  is  slight  growth  on  nu'dia  of  the 
following  {'omposition  ;  10  )ier  cent  sucrose,  l^o  jier  cent  aLiar.  and  with  alkali 
added  to  bring  alnml  a  reaction  of  Pi,  7.3. 
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To  summarize  somewhat  the  cultural  L-haraeteristies  of  this  organism  the 
growth  is  strictly  aerobic,  optimum  temperature  30  to  40,  a  spore-producing, 
alkali-producing,  coccus-like  organism  which  will  gnnv  on  very  alkaline  media 
and  a  medium  very  deficient  in  meat  or  meat  products. 

In  a  great  many  respects  this  organism  resembles  some  of  the  yeast 
family,  although  no  budding  forms  have  ever  been  observed,  and  multipli- 
cation as  far  as  can  be  determined  is  by  cell  division. 


stain  Group  I.  xl500.* 


The  pathogenicity  has  been  tested  on  guinea  pigs,  mice  and  rabbits. 
Freshly  isolated  cultures  injected  intraperitoneally  into  mice  or  guinea  pigs 
will  kill  in  from  one  to  three  days.  Considerable  evidence  has  been  accu- 
mulated that  this  organism  when  isolated  from  the  blood  of  an  animal  dying 


*The   writer   desires   to   exnrt 
of  Michigan,  for  these  photographs 


thanks   to    Dr.    F.    G.    Xr 
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following  injection  is  of  somewhat  difTei-cnt  inoriiliology  than  is  the  eiiltiire 
injected.  However,  this  phase  of  the  work  must  wait  for  further  investigation 
before  a  full  report  can  be  made. 

The  pathogenicity  is  soon  lost  and  so  far  at  least  we  have  been  unable  to 
exalt  their  virulence.  So  far,  we  have  been  unable  to  demonstrate  pathogen- 
icitv  for  rabbits  either  on  inti'aperitoneal   injection  oi-  intravenous  injection. 


The  production  of  agglutinating  serum  in  rabbits  takes  place  rather 
slowly.  The  titer  of  the  best  serum  we  have  obtained  so  far  is  1  to  800.  All 
cultures  of  group  one  are  agglutinated  in  approximately  the  same  dilution 
by  this  serum.    Agglutinating  Avork  with  the  serum  from  convalescent  scarlet 


lin    (Iroiii,    11,    S   hour: 


blood  nsav.  xlSUO. 


fever  patients  has  not  progressed  far  enough  as  yet  to  justify  drawing  any 
conclusions.  There  is  what  is  .seemingly  a  false  agglutination  which  occurs 
when  the  diluted  serum  and  organism  suspension  are  mi.xed  :  and  a  coniplete 
report  on  agglutination  work  must  wait  until  some  later  time.  (Iroup  "J.  The 
organisms  wliidi  \vc  ciassiry  as  lieloimiiig  to  (irouj)  "2  arc  included  in  this  ]ia])er 
because  of  tiie  fact  tiiat  umlrr  rcrtaiii  ciiltiiral  coiulitinns  tlicir  mor])hology 
resembles  sonle^\hat  tliat  nf  grou|i  one.  This  culture  also  jiroiluces  alkali 
in  all  sugars  tested,  hut  no  spores  lia\c  been  o])served.  (hi  tiie  moditied 
meat-fri'c  at;ar  tlicse  m-ganisnis  tcnil  to  maintain  a  I'occus  I'orm  <it'  usuall.v 
less  than  a  micron  in  <liamcter.  They  arc  frankly  (li-am-ncgal  ixc  in  whatcxer 
form  they   may   be. 

The  microphotograjih  (I''ig.  :5)   gives  ;i  fair  idea  of  tiicir  size  and  appcai'- 
ancc    when    carried    in    culture    on    this    medium    at    a    tcni]ici'at  ure    of    32|,o°. 
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Wlieii  these  cultures  are  transplanted  from  this  media  ou  to  blood  agar  slants 
or  plates,  and  these  are  incubated  at  371/2°  a  striking  change  occurs  iu  these 
organisms  within  about  eight  hours.  Examination  at  this  time  usually  shows 
a  tremendous  increase  in  size  and  varying  from  a  large  coccus  to  long  fila- 
ments, the  largest  filament  that  we  have  observed  measuring  57  microns  in 
length. 

If  these  blood  agar  cultures  are  retained  in  the  incubator  for  about  24 
hours  longer,  the  majority  of  the  organisms  have  changed  back  again  to  the 
small  coccus  form  and  if  transplanted  back  ou  to  the  alkali  meat-free  agar 
again  show  no  filament. 

The  differential  stain  on  these  organisms  in  what  we  call  the  monster 
form  show  nothing  very  definite  in  the  morphology  or  in  the  cellular  arrange- 
ment.    Multiplication  in  these  cultures  is  also  by  cell   division. 

When  these  are  carried  on  ordinary  nutrient  agar  at  a  temperature  of 
37l^°  their  general  morphology  resembles  Group  1  so  closely  that  mistakes 
might  occur.  The  separation  of  Group  2  from  Group  1  is  fairly  easy  from  the 
fact  that  Group  2  produces  no  spores  and  does,  under  the  conditions  outlined 
above,  produce  monster  forms.  The  agglutinating  serum  prepared  for  mem- 
bers of  Group  1  shows  absolutely  no  agglutinating  action  when  tested  against 
group  tAVO.  Group  two  has  been  isolated  more  frequently  from  scarlet  fever 
than  from  other  conditions,  but  has  l)een  found  in  at  least  one  case  iu  a  nuniial 
individual. 

We  have  several  other  cultures  that  are  frank  alkali  producers  and 
in  general  have  cultural  characteristics  very  similar  to  those  of  Group  1  and 
Group  2.  Morphologically  they  are  Gram-negative,  rather  small  diplococci 
with  which  we  have  been  unable  to  produce  the  monster  forms,  and  in  which 
we  have  been  unable  to  demonstrate  spores  at  any  time. 

There  are  several  different  organisms  that  in  general  morpliology  resem- 
ble Groiip  1  A'ery  closely.  However,  they  can  soon  be  ruled  out  by  the  fact 
that  they  either  fail  to  produce  alkali  or  else  produce  a  colored  growth 
and  in  practically  every  instance  produce  no  spores.  Members  of  these  un- 
determined groiips  make  up  the  groups  of  large  cocci  that  are  frecjuently  seen 
in  the  examination  of  cultures  for  the  diphtheria  bacillus. 

In  conclusion  a  large  coccus-shaped  organism  which  iu  size  resembles 
somewhat  a  yeast  has  been  isolated  from  scarlet  fever  patients  and  has  not 
as  yet  been  found  in  other  conditions. 

This  organism  is  characterized  by  alkali  production  in  all  sugars,  abundant 
spore  production  and  typical  amine  odor.  The  spores  are  very  resistant  to 
heat,  withstanding  at  least  two  hours'  boiling,  but  are  usually  killed  by  a  tem- 
perature of  110°  in  the  autoclave. 
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STUDIES  ON  THE  RESISTANCE  OF  THE  RED  BLOOD  CELLS* 

III.  The  Relatiox  of  Cholesterol  to  the  Resistance  of  the  Red  Blood 
Cells  to  the  Hemolytic  Actiox  of  Sapotoxix 

By  Chas.  II.  Neilsox,  M.D.,  and  Homer  Wheelon,  M.D.,  St.  Louis,  Mo. 

TWO  tlu'ories  arc  i)revaleiit  concerning  the  union  of  liemoglobin  witli  the 
other  constituents  of  the  red  blood  corpuscle.  The  first  and  older  theory 
holds  that  the  hemoglobin  is  held  or  surrounded  by  a  wall  which  is  not  permea- 
ble to  hemoglobin.  The  modern  theory,  "Theory  of  Jellies,"  defends  the  belief 
that  the  hemoglobin  is  held  in  the  corpuscles  because  of  its  chemical  union  with 
the  .stroma.  Such  a  condition  holds  for  all  the  other  cells.  Moreover,  puncture 
or  cross-section  of  the  red  cells  does  not  permit  of  extrusion  of  the  hemoglobin 
from  the  cell  or  its  two  halves.  If  the  hemoglobin  is  set  free  in  the  corpuscles 
it  will  crystallize,  .showing  that  it  must  be  prevented  by  some  means  from 
crystallizing  in  the  normal  cell.  Further,  the  concentration  of  hemoglobin 
in  the  mammalian  corpuscle  is  greater  than  the  solubility  of  oxyhemoglobin 
in  an  equal  bulk  of  water.  Therefore,  it  seems  more  nearly  correct  to  assume 
that  the  hemoglobin  is  maintained  in  a  loose  chemical  union  with  the  stroma 
of  the  corpuscle  than  to  assume  that  it  is  confined  within  a  bag  or  cell  mem- 
brane.^" Moreover,  the  corpuscles  will  not  allow  many  of  the  salts  to  pass 
although  they  are  easily  penetrated  by  water.  For  instance,  urea  is  taken 
up  and  distributed  equally  between  the  red  cells  and  the  plasma:  its  solu- 
tion exerts  no  osmotic  pressure  upon  the  cells.  The  corpuscles  behave  in 
urea  solutions  of  all  concentrations  exactly  as  in  distilled  water,  that  is. 
they  give  up  tlieii'  hemoglobin  to  llic  urea  sdlulion.  Such  does  not  occur  if 
the  urea  is  addeil  to  an  isotonic  solution  of  sodium  chloride.  Again,  ani- 
moniiim  chloride  readily  penetrates  1lie  red  blood  cell  and  hemoglobin  is 
forced  into  solution  even  if  the  amnionium  chloride  is  added  to  isotonic  saline: 
ammoninni  chloride.  thiTct'nrc,  lias  a  dii-cct  poisonous  action  up(ui  the  corpus- 
cles.^ 

Certain  agents  are  cai)alile  nf  lilieraliiig  the  heniogldltin  from  the  red 
cells  Avhether  we  believe  thai  these  ceils  are  little  bags  containing  hemoglobin 
or  organized  jellii's.  Such  liberation  of  hemoglobin  may  result  either  becau.se 
of  physical-'  or  clieiiiical  processes."*'  '"'  That  is,  the  hemoglobin  may  be 
freed  from  tin'  I'dls  by  toxins  such  as  snake  poisons,®- ''■ '■*  bacterial  proc- 
esses,"^'"* ])lant  jioisons,'-' ^'''' '^  by  small  amounts  of  alkalies,  water,  ether, 
chloroform,  salts,'- ">•=■'•=•'•  =°' "•*"•'■"'•"•"' "  fatty  acids."  mechanical  and  ther- 
mal  injuries,''"'  ■'"• '"'  and   disease."- '-'  "•  '■'-  "'  ^•'  '•"• ""- " '• ' ' 

In  certain  respects  the  erythrocytes  do  act  as  semiperincablc  iuend)ranes. 
They  allow  water  to  pass  in  and  out  Mithout  changes  in  volume.    However, 
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the  red  blood  cells  are  not  permeable  to  salts.  Some  certain  anions,  CI' 
CO3",  SO/',  pass  in,  but  this  can  only  occur  providing  that  other  ions  pass 
out  in  compensation,  on  the  other  hand,  the  cations  do  not  pass  through  at  all. 
The  quantity  of  CO3"  ions  in  the  erythrocytes  to  a  marked  degree  influence 
the  permeability  of  the  eells.^-  ■*•  ^"  Solutions  with  equal  molecular  concentra- 
tion with  the  red  blood  cells  have  no  power  to  draw  water  from  the  cells; 
they  are  therefore  isotonic  or  possess  the  same  osmotic  pressure.  Reversible 
osmotic  phenomena  can  proceed  for  a  considerable  distance  in  either  direction 
without  injurj-  to  the  cells;  on  this  principle,  a  method  for  determining  the 
resistance  of  the  cells  has  been  worked  out  by  exposing  them  to  a  series 
of  salt  solutions  of  graded  strength.  Such  a  method,  one  may  believe,  de- 
termines only  the  osmotic  resistance  of  the  red  cells.  The  surrendering  of 
the  coloring-matter  by  the  red  cells  is  not  always  complete  in  any  given  salt 
solution.  This  condition  is  explained  by  Hamburger-*  by  supposing  that  in- 
dividual corpuscles  have  different  degrees  of  resistance.  This  observation 
is  also  true  whether  the  cells  are  maintained  in  their  normal  serum  or  when 
washed.  When  it  is  recalled  that  the  life  of  the  red  cell  is  comparatively  short 
and  that  a  certain  number  are  being  continually  destroyed  by  the  spleen  and 
liver,  it  seems  that  such  an  explanation  is  justifiable,  for  the  resistance  of  the 
red  cells  must  to  some  degree  depend  upon  its  vitality. 

The  theory  of  membraned  cells  and  osmotic  resistance  naturally  fall  to- 
gether as  interpretive  measures.  On  the  contrary  the  action  of  .specific  hemo- 
lytic agents,  animal  and  vegetable  poisons,  cannot  be  easily  explained  by  as- 
siiming  osmotic  changes  responsible  for  the  destruction  of  the  cells.  The 
stroma  of  the  red  cells  freed  from  its  hemoglobin  content  is  toxic  and  causes 
intravascidar  clotting.  This  stroma  toxicity,  in  all  probability,  is  responsible, 
or  at  least  leads  in  the  hemolytic  processes  of  certain  diseases  which  cause 
a  breaking  down  of  the  red  cells,  i.  e.,  malaria,  syphilis  and  hemolytic  jaun- 
dice. The  stroma  of  the  normal  cell,  or  when  in  combination  with  hemoglobin 
as  it  exists  in  the  normal  cell,  is  perfectly  inert. 

Certain  vegetable  glucosides  such  as  the  saponins  and  animal  secretions 
(snake,  insect  and  reptilian  poisons)  act  as  direct  or  perhaps  specific  hemo- 
lytic agents.  The  hemolytic  action  of  certain  bacteria  is  well  knoM-n.  In 
this  relation  it  is  interesting  to  note  that  the  pressure  of  carbon  dioxide 
acts  as  a  protective  agent  to  the  red  blood  cells  against  the  action  of  various 
hemolytic  sera.''*  Experimental  work  with  the  saponins  and  anisotonic  salt 
solutions  have  shown  that  various  degrees  of  altered  red  cell  resistance  occurs 
in  many  of  the  common  diseases.  In  cases  of  experimental  anemia  the  re- 
sistance of  the  erythrocytes  is  raised  to  an  enormous  degree.  For  instance 
poisoning  by  phenylhydrazin  so  increases  the  resistance  of  the  red  cells  that 
they  may  be  placed  in  distilled  water,  even  after  having  been  washed  free 
from  the  serum,  without  being  laked.  This  increased  resistance  is  associated 
with  an  increase  in  the  stroma  of  the  red  blood  cells — pachydermia.*  In 
hemolytic  icterus  the  resistance  is  low;  in  obstructive  jaundice  I'aised.  In 
pernicious  anemia  the  resistance  is  said  to  be  raised  while  in  hemoglobinuria — 
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paroxysmal   hemoglobinuria — there   is   apparently    no   change   in  the  osmotic 
resistance  but  a  diminution  of  both  the  thermal  and  chemical  resistance. 

Various  -workers  following  Hamburger's  method  (anisotonic  salt  solu- 
tions) have  reported  studies  upon  the  resistance  of  the  red  cells  in  various 
pathological  conditions."'  -*■  ="•  "■  ^''  ^"^  "■'•  "'•  '-'•  '■'  The  results  obtained  by  this 
method  may  be  summarized  as  follows.  It  is  increased  by  the  addition  of  hy- 
drogen, nitrogen,  carbon  monoxide,  carbon  dioxide  and  aeid.s,  and  is  dimin- 
ished by  traces  of  alkalies  and  oxygen.  Clinically  it  has  been  found  that  dur- 
ing the  course  of  typhoid  fever,  pneumonia,  other  acute  infections,  pregnancy 
and  lactation,  some  malignant  growths,  obstructive  jaundice,  eclampsia,  dia- 
betes, cardio-renal  disturbances  and  secondary  anemias  that  the  isotonic  ten- 
sion may  be  increased.  A  lowered  resistance  is  found  in  hemolytic  jaundice, 
pernicious   anemia,   certain   malignancies   and    chlorosis.      (Table   I). 

T.-iBLE  I 

Cholesterol  and  the  Resistance  op  the  Red  Blood  Cells  to  Sapotoxin 


RESISTANCE   to    SAPOTOXIN 


cholesterol 


RESlSTilKCE 
TO  SALT  SOL. 


VARIATION 

FROM 

AVERAGE 

NORMAL 


NORM.      DEC. 


Norma  1 

18o 

1:13,937 

91 

Pregnancy 

3.1 

1:11,271 

89 

+ 

2,666 

Malaria 

i.') 

1:14,380 

SO 

- 

443 

on  quinine 

32 

1:1.5,242 

89 

- 

1,305 

Normals 

o 

1:13,944 

88 

- 

7 

Tuberculosis 

24 

1:12,375 

82 

+ 

1,562 

and  Lues 

2 

1 :  13,87.5 

(58 

+ 

62 

and  Pregnancy 

2 

1:10,250 

85 

+ 

3,687 

Typhoid 

19 

1:13,.513 

85 

+ 

427 

Jaundice 

All  types 

.■n 

l:12,fiS5 

79 

+ 

1,252 

Obstructive 

1.5 

1:10,033 

84 

+ 

3,904 

Hemolytic 

5 

1:18,600 

81 

- 

4,663 

Anemia 

Pernicious 

8 

1:15,003 

35 

- 

1,126 

Cardiorenal 

S 

1:12,312 

(iO 

+ 

1,625 

Syphilis 

7 

1:15,750 

58 

- 

1,813 

H.  Jaundice 

4 

1:17,125 

58 

- 

3,188 

Carcinoma 

~) 

1:12,190 

51 

+ 

1,747 

Kidney 

Nephritis 

12 

1:13,058 

79 

- 

21 

Cardiorenal 

") 

1:14,.500 

84 

_ 

563 

Eclampsia 

2 

1:10,500 

83 

+ 

3,437 

Uremia 

r> 

1:14,050 

85 

- 

113 

Diabetes 

2 

1:13,079 

88 

+ 

858 

Maligna  nt 

growths 

19 

1:1.3,500 

78 

+ 

437 

The  above  information  concerning  cholesterol  and  resistance  of  the  red  cells  to  anisotonic  salt 
solutions  is  drawn  from  the  literature.  Our  cholesterol  determinations  accorded  with  those  in 
the  lileraturo,  hence,  it  W!is  not  deemed  necessary  to  tabulate  these  results  numerically. 

In  prcviiius  riiiiiiiiiiiiicalioiis  we  tvixirtcd  tlir  i-csulls  of  Sdinc  two  tlidU- 
.sand  experimciils  on  tlic  resistance  ol'  the  red  blootl  cells  in  health  and  va- 
rious of  the  common  di.seases  to  the  hemolytic  action  of  sapotoxin.  The  result 
of  this  work  is  suninuirized  in  Tables  T  and  II.  In  brief  our  teclmic  for 
niakiiig  resistance  (Ictenninal  ions  was  as  follows:'"'     A  given  amount  of  whole 
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blood,  20  c.mm.,  was  exposed  for  five  mimites  at  a  constant  temperature,  25° 
C,  to  A-arious  strengths  of  sapotoxin  solution.  Usually  a  set  of  4  small  tubes 
each  containing  1  e.c.  of  the  sapotoxin  solution  in  graded  dilutions  was  used 
to  make  the  primary  reading.  If  the  point  of  minimal  hemolysis  did  not 
occur  in  the  first  series  of  dilutions  a  set  of  higher  or  lower  concentrations 
were  tried  out.  The  solution  in  which  a  minimal  degree  of  hemolysis  occurred 
was  taken  as  the  resistance  point  of  the  red  cells.  With  this  technic,  the 
details  of  which  appeared  in  our  first  paper,  it  was  found  that  185  determi- 
nations on  normal  whole  blood  gave  an  average  resistance  reading  in  a  1:13,- 
937  sapotoxin  solution.  It  was  also  shown  that  the  removal  of  the  serum  and 
blood  fluid  from  the  red  cells  resulted  in  a  mai-ked  loss  of  resistance  (Table 
II).  Tliat  is,  the  presence  of  blood  fluids  about  the  red  cells  in  some  way 
acted  to  increase  red  cell  resistance.  In  disease  it  was  found  that  the  red 
cell  resistance  was  increased  in  eases  of  secondary  anemia,  eardio-renal  dis- 
turbances, diabetes  at  times,  eclampsia,  obstructive  jaundice,  some  cases  of 
malignant  growths,  pregnancj-,  some  cases  of  pneumonia,  and  pulmonary  tuber- 
culosis. Red  cell  resistance  was  found  diminished  in  cases  of  pernicious  ane- 
mia, hemolj'tic  jaundice,  and  in  syphilities  on  potassium  iodide.  The  resistance 
of  the  red  cells  in  certain  cases  of  diabetes,  some  secondary  anemias,  malaria 
without  quinine  treatment,  some  eases  of  nephritis,  lues  on  mercury  and  ty- 
phoid fever,  was   either  normal    or  but   slightly  altered   (Tables  I   and   II). 

T.\BLE  II 
Resistance  of  Washed  axd  Unwashed  Red  Blood  Cells  to  Sapotoxin 


1:1  washed  cells 

washed 

IJNT^ASHED 

AND    SERUM 

NO 

HEMOLYSIS 

KB 

NO 

HEMOLYSIS 

HB 

NO         HEMOLYSIS 

Normal 

12 

1:.37,.375 

86 

185 

1:13,937 

90 

10         1:14,050 

'Syphilis 

21 

1:41,337 

81 

34 

1:14,699 

85 

4         1:16.437 

Pregnancy 

o 

1:37,100 

87 

35 

1:11,271 

89 

3         1:12,050 

Jaundice 

4 

1:36,750 

So 

31 

1:12,685 

80 

4         1:12,564 

Tuberculosis 

3 

1:35,000 

87 

24 

1:12,375 

81 

3         1:1.3,025 

Average 

45 

1:38,900 

85 

309 

1:13:472 

85 

24         1:13,625 

Difference  betw 

een  washed  and  unwashed  cells 

=  25, 

428  points. 

Table  showing  degree  of  difference  in  tlie  resistance  of  red  blood  cells  when  washed  and 
when  in  contact  with  their  normal  fluids.  No,  nimiber  of  determinations;  Hemolysis,  strength 
of  sapotoxin  solution  required  to  cause  a  minimal  hemolysis  in  5  minutes;  Hb.,  Hemoglobin 
percentage. 

"L'ntreated. 

In  general  our  flndings  are  in  accord  with  the  results  obtained  by  the  use  of 
the  anisotonic  salt  solution  methods  for  the  determination  of  red  blood  cell 
resistance  (Table  I). 

In  1902  Flexner  and  Xoguchi'*  published  a  series  of  experiments  which 
throw  considerable  light  upon  the  chemical  nature  of  hemolytic  actions.  They 
found  that  red  blood  cells  freed  from  their  serum  by  continued  washings  in 
normal  saline  failed  to  lake  when  suspended  with  cobra  poison  in  an  isotonic 
sodium  chloride  solution.  On  the  other  hand  washed  corpuscles  to  which 
a  small  amount  of  serum  had  been  added  were  immediately  destroyed.  They 
also  noted  the  same  occurrence  with  other  poisons,  tetanus  toxin,  salanin  and 
saponin  and  justly  concluded  that  some  substance  was  undoubtedly  present 
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in  the  serum  which  made  it  possible  for  cobra  poison  to  act  on  the  hemoglobin 
of  the  corpuscles.  Keyes  demonstrated  that  lecithin  is  the  activator  of  snake 
venoms  uniting  with  it  to  form  a  toxic  cobra-lecithin;  lecithin  could  be 
substituted  for  serum,  although  lecithin  alone  would  not  act  as  a  hemolytic 
agent.''  * 

The  chemical  function  of  the  ])h(isplH)lipiiis  is  that  of  making,  with  the 
sterols  (cholesterols),  a  water  containing  semifluid,  highly  reducing,  auto- 
oxidizable,  seinilipoid  crystalline  substratum  of  protoplasm.  They  also  are 
actively  concerned  in  certain  of  the  phenomena  of  immunity.  However,  the 
"leeithides"  are  very  hemolytic.  Lecithin  emulsions  have  the  same  power  to 
a  certain  degree.  Hence,  we  may  believe,  that  the  phosphatides  by  combining 
with  toxins,  or  possibly  blood  stuffs,  influence  the  power  of  the  latter  to  unite 
with  and  affect  the  activity  of  protoplasm.  Either  phospholipins  or  glyeo- 
lipius  have  the  power  of  binding  with  tetanus  toxin. ^=' 

Certain  metabolic  products  of  insects,  fishes,  reptiles  and  crustaceans  are 
also  poisonous.  These  hemolysins  of  animal  origin  have  their  analogues  in  the 
saponins  of  vegetable  origin.  Lecithin  favors  saponin  hemolysis  as  in  .snake 
poison,"'  ^-'  **  while  cholesterol  inhibits  hemolytic  activity.  The  poisoning  due 
to  marchella  is  powerfully  hemolytic  in  its  effect,  causing  fever,  jaundice,  hemo- 
globinemia  and  hemoglobinuria.    This  poison  can  be  made  innocuous  by  boiling. 

Recent  experimental  work  has  shown  that  the  blood  plasma  and  red  cells 
are  especially  rich  in  cholesterol.^''  ='  ••  '^-  "•  "•  =»•  ='■  "•  -'>  -^-  ='■  '"■  =''•  '*■  ''■  "'  "•  '*• 
61, 62, 67, 69,71, 80  Cliolestcrol  is  found  in  an  uneombined  form  in  the  red  cells 
and  as  cholesterol  esters  in  the  plasma.  Bloor,*^  for  instance,  has  shown  that 
lecithin  (including  cephalin)  in  the  corpuscles  is  nearly  double  that  in  the 
plasma  while  cholesterol  and  total  fatty  acids  are  more  abundant  in  the 
plasma.  The  amount  of  lecithin  in  the  corpuscles  is  about  double  the  amount 
of  cholesterol,  but  in  the  plasma  the  two  substances  are  about  equally  distrib- 
uted. He  also  found  that  the  lecithin-cholesterol  ratio  is  constant  in  normal 
blood  and  in  many  pathological  cases. 

Cholesterol  is  one  of  the  most  important  of  the  physiologic  substances 
and  plays  a  great  |i;ni  in  certain  pathologic  conditions.  Cholesterol  forms  a 
weak  molecular  unidu  with  saponaceous  substances,  such  as  digitonin,  saponin, 
and  other  hemolytic  glueosides.  It  thus  protects  the  red  blood  cells  by  neu- 
tralization of  their  toxic  action.''  ■■■  ^"  Red  cells  are  continuously  being  acted 
upon  by  hemolyzing  substances  and  dissolved.  Hence,  if  the  rate  of  de- 
struction becomes  greater  than  that  of  new  formation,  varying  degrees  of 
anemia  must  of  necessity  result.  Cholesterol  offers  protection  to  the  cells 
against  many  of  these  substances,  cholesterol  also  acts  to  neutralize  or  cheek 
the  action  of  lipolytic  enzymes.  Cholesterol  and  certain  of  its  derivatives  assist 
other  lipins  in  giving  to  cells  their  iiowcr  (if  holding  largo  quantities  of  water 
without  losing  llicir  ])i'culiar  si'inilluid  <-liMr;icti'r.  :in(l  without  dissolving. 
Cholesterol  forms  one  of  the  most  abundant  lipins  of  the  brain  and  occurs 
in  nearly  all  living  tissues.  There  is  evidence  to  show  that  cholesterol  is 
the  mother  substance  from  mIiIcIi  tlic  bile  acids  are  derived;  it  also  probably 
gives  rise  to  certain  lijiocln'om  pigiiicnls  and  possibly  to  some  of  the  odorif- 
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eroiis  substances  of  plants  and  animals.  The  total  cholesterol  in  the  blood 
serum  of  normal  individuals  varies  within  rather  narrow  limits:  the  average 
amount  is  from  0.15  to  0.18  per  eent.^^  A  condition  of  hypercholesteremia 
may  be  brought  about  experimentally  by  the  feeding  of  cholesterol  or  choles- 
terol-containing foods."  A  physiologic  hypercholesteremia  occurs  normally 
during  the  later  months  of  pregnancy.  The  cholesterol  content  of  the  blood 
is  increased  in  certain  pathologic  conditions.  In  complete  occlusion  of  the 
common  bile  duet  the  cholesterol  is  high  in  the  blood  as  normally  in  the 
bile.  The  cholesterol  is  increased  in  cases  of  lipemias  with  severe  diabe- 
tes, nephritis,  and  arteriosclerosis  in  which  case  the  esters  of  cholesterol 
form  doubly  refractory  masses.  In  certain  of  these  conditions  the  hyi:)er- 
cholesterolemia  appears  to  be  associated  with  a  mobilization  of  other  fatty 
substances  in  the  body.  Local  deposits  of  cholesterol  occur  in  atheromatous 
arteries,  white  plagues  of  nephritic  retinitis,  arcus  senilis,  exanthemata,  old 
infarcts,  caseous  material  of  tubercular  lesions,  and  gall  stones.  According 
to  Pighini  the  cerebro-spinal  liquid  of  syphilitics  generally  contains  more 
cholesterol  than  normal.  The  blood  cholesterol  is  usually  normal  or  dimin- 
ished in  pulmonary  tuberculosis,  certain  of  the  anemias,  hemolytic  jaundice, 

afr,   2,   5,    6,    7,   9,   13,   14.   15,    21,   30,   3.".,   41,  43,   45,   47,    67,   70,   78,   79,    SI 

Certain  acids  formed  by  the  oxidation  of  cholesterol  are  poisonous  and 
possess  a  toxicity  and  hemolytic  action  comparable  with  some  of  the  snake 
venoms.  Windaus**"  obtained  such  an  acid  which  was  more  hemolytic  than 
the  bile  acids,  and  as  powerful  as  many  saponins  in  causing  red  cell  destruc- 
tion. Local  necrosis  similar  to  that  caused  b.v  snake  bite  follo\\('d  in.jeetions 
of  this  acid. 

AVitli  these  points  in  mind  the  inevitable  conclusion  was  reached  during 
the  progress  of  our  studies  in  red  cell  fragility  that  the  lip  ins  of  the  blood  in 
some  way  determined  the  action  of  the  hemolytic  agent  sapotoxin.  As  a  check 
upon  this  conclusion  a  certain  number  of  cholesterol  and  resistance  tests  were 
made  upon  the  same  bloods.  In  our  cases  the  cholesterol  of  the  blood  was 
found  high  in  the  latter  part  of  pregnancy,  in  obstructive  jaundice,  one  ease 
of  mercury  poisoning,  tuberculosis,  certain  eardio-renal  diseases,  certain 
diabetics,  eclampsia,  and  in  some  eases  of  anemia.  Cholesterol  was  found 
low  in  cases  of  hemolytic  jaundice,  pneumonias  associated  with  jaundice,  in 
certain  malignant  cases;  especially  those  associated  with  anemia  and  ca- 
chexia. In  typhoid,  malaria,  anemias  in  general,  syphilis  with  and  without 
treatment,  and  tuberculosis  the  cholesterol  findings  varied.  Resistance  of 
the  washed  and  unwashed  cells  gave  readings  comparable  to  those  of  the 
cholesterol  content  of  the  blood  (Tables  I  and  II).  In  the  one  case  of  chronic 
mercury  poisoning  it  was  impossible  to  Avash  the  red  cells  without  causing 
their  complete  destruction.  However  the  cholesterol  content  of  the  blood 
was  found  to  be  285.  Apparently,  in  this  case  the  high  content  of  cholesterol 
of  the  serum  alone  was  sufficient  to  prevent  breaking  down  of  the  red  cells. 
A  similar  condition  was  frequently  observed  while  working  with  syphilitic 
bloods,  especially  with  those  which  had  been  treated  with  mercurials.     Our 
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findings  relative  to  the  cholesterol  of  the  blood  are  coniparablc  to  those  re- 
ported by  other  workers  for  similar  diseases. 

As  previously  shown*"  the  removal  of  the  blood  fluids  from  the  red  cells 
results  in  a  marked  lowering  of  the  resistance  of  the  red  cells  to  sapotoxin 
solutions.  However  the  same  washed  cells  diluted  1:1  with  their  own  serum 
demonstrated  a  practically  noi'mal  resistance.  Similar  observations  were  made 
on  diseased  bloods  the  results  of  which  are  shown  in  Table  II.  Numerous 
observers  have  shown  that  the  blood  fluids  contain  cholesterol.  Hence,  if 
as  has  been  assumed  the  cholesterol  content  of  the  blood  fluids  acts  as  a 
protective  agent  against  the  hemolytic  action  of  sapotoxin,  then  variations 
in  the  cholesterol  content  of  the  blood  fluids  about  the  cells  should  result  in 
variations  in  the  i-esistance  of  the  red  cells.  That  such  a  condition  does  sub- 
tend is  shown  by  the  folloAving  considerations. 

The  red  cells  from  4  cases  of  obstructive  jaundice  when  washed  gave  an 
average  resistance  of  1:36,750.  The  average  resistance  of  12  determinatious 
made  on  normal  washed  cells  was  1:37,375.  However  the  red  cells  in  whole 
blood  show  a  great  degree  of  resistance  in  eases  of  obstructive  jaundice — 
]  :lfl,033.  Normal  washed  cells  diluted  with  their  own  serum  and  cells  in 
wlioh'  blood  show  a  normal  degree  of  resistance — 1:13,937.  In  eases  of  ob- 
structive jaundice  the  cholesterol  of  the  blood  fluids  is  increased,"-  ==-  *'•  "•  "=•  " 
hence  if  the  cholesterol  content  of  the  serum  acts  as  an  antihemolj-tic  agent 
then  a  serum  containing  a  high  cholesterol  content  shoidd  raise  the  point  of 
resistance  of  normal  red  cells  when  diluted  with  such  a  serum  and  exposed 
to  the  action  of  sapotoxin.  That  such  really  occurs  is  sliown  by  the  following 
experiment  upon  two  jaundiced  cases:  Case  X,  catarrhal  jaundice  of  mild 
degree  and  short  standing,  gave  an  average  resistance  of  whole  blood  of 
1:12',750.  The  red  cells  when  freed  from  their  blood  fluids  jiave  an  average 
resistance  of  1:38,000.  The  resistance  of  the  same  cells  when  diluted  1:1  willi 
their  own  serum  gave  an  average  resistance  of  1:13,750.  The  cholesterol  con- 
tent (if  the  blood  was  168.  Case  Y,  obstructive  jaundice  of  long  standing,  gave 
an  average  whole  blood  resistance  of  1:9,000.  The  washed  cells  gave  an  average 
resistanee  of  1 :34,000.  A  dilution  of  the  washed  cells  with  their  own  serum 
gave  a  resistance  reading  of  1:11,500.  The  cholesterol  content  was  292. 
Dilution  of  washed  cells  of  Case  X  with  the  serum  of  Case  Y  which  was  high 
in  cholesterol  (■(iiitcnl  gave  an  average  reading  of  1:10,750,  an  inci'casc  of 
3000  points  ill  the  resistance  of  the  washed  cells  when  surrounded  witli  their 
own  serum.  On  the  otlicr  hand,  a  1:1  dilution  of  liir  ri'd  cells  of  case  Y 
with  the  serum  of  Case  X,  which  was  lower  in  clmlesterol  content,  gave  an 
average  reading  of  1:17,500.  or  a  loss  of  6,000  points  in  the  resistance  of  the 
cells  to  sajKitoxin.  Tlie  results  of  this  (^x])eriinent  sIkiw  that  not  only 
the  lilddd  tluids  as  such  but  alsci  their  eliob's)  ei'ol  eniiteiil  ;iet  in  siieli  :i  man- 
ner as  to  raise  the  re(l  cell  resislanee.  '{"his  prnteel  ion  (ilTered  the  red  cells  by 
cholesterol  is,  im  ddulit,  of  a  elieiiiie:il  luiture.  'i'liat  is.  the  hemolytic  power 
of  sapotoxin  becomes  manifest  in  propdi-t  ion  to  the  degree  of  neutralization 
of  its  action  by  cholesterol."- ■'-•  ■'"■  ''' 
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The  above  considerations  lead  to  the  assumption  that  the  increased  cho- 
lesterol content  of  the  blood  in  cases  of  obstructive  jaundice  is  at  least  in  great 
part  responsible  for  the  increased  resistance  of  the  red  cells  to  hemolytic  sub- 
stances. This  assumption  becomes  weightier  when  it  is  recalled  that  cases 
of  hemolytic  and  congenital  jaundice  show  a  reduction  of  the  blood  choles- 
terol and  also  a  decreased  resistance  to  the  action  of  anisotonic  salt  solutions^^ 
and  sapotoxin. 

In  the  anemias  Bloor"  has  shown  that  Avheuever  the  percentage  of  the  blood 
corpuscles  drops  below  one-half  of  the  normal  that  abnormalities  appear  in 
the  lipoid  content  which  in  the  order  of  their  magnitude  and  occurrence  are: 
(a)  high  fat  in  plasma;  (b)  low  cholesterol  in  plasma  aud  occasionally  in  the 
corpuscles;  (c)  low  lecithin  in  the  plasma.  Such  observations  offer  no  certain 
evidence  that  abnormalities  in  the  blood  lipoids  are  responsible  for  anemia, 
howe\er,  the  low  value  for  cholesterol  which  is  an  antihemolytic  substance, 
and  the  high  fat  fraction  which  may  indicate  the  presence  of  abnormal  amounts 
of  hemolytic  lipoids  in  the  blood  may  be  considered  as  possible  causative 
factors  in  the  production  of  anemia.*-  "•  "•  -"•  ^'■'  *'•  °^'  ^"  AVhether  a  disturbed 
lipoid  metabolism  is  the  cause  of  anemia  or  not,  the  fact  remains  that  the 
resistance  of  the  red  blood  cells  varies  in  proportion  to  the  cholestei'ol  con- 
tent. Hence,  it  may  be  assumed  that  a  normal  cholesterol  content  is  essential 
to  the  maintenance  of  the  normal  resistance  of  the  red  cells  to  hemolytic  sub- 
stances. 

Srin[.\RY   .VXD   CONCLUSION'S 

The  present  work,  therefore,  leads  to  the  conclusion  that  cholesterol  is  an 
important  element  in  the  protection  of  the  red  cells  against  the  hemolytic  action 
of  sapotoxin.  Because  of  this  conclusion  we  feel  that  a  chemical  examination 
of  the  blood  for  cholesterol  is  to  be  greatly  preferred  to  the  more  laborious 
and  inaccurate  task  of  estimating  the  red  cell  resistance  to  hemolytic  agents. 
Furthermore,  we  would  emphasize  the  fact  that  resistance  determinations 
are  of  little  clinical  value  save  for  the  differentiation  of  the  two  types  of 
jaundice  because  of  the  wide  range  of  variations  that  occur  in  many  of  the  com- 
mon diseases. 

In  brief,  our  results  are  as  follows:  The  red  cells  may  be  considered  as 
composed  of  jellies  which  exist  and  depend  upon  their  content  and  peculiar 
l)ehavior  of  lipins.  The  cholestei'ol,  both  of  the  cell  itself  aud  about  the  cell 
acts  as  an  antihemolytic  while  lecithin  tends  to  combine  with  toxins  to  form 
lecithides.  Such  formations  react  upon  the  cell  to  destroy  its  composition, 
thereby  liberating  the  hemoglobin  from  the  stroma.  Diseases  in  which  the 
cholesterol  content  is  high  show  an  increased  red  cell  resistance  to  sapotoxin 
solutions;  those  showing  a  low  cholesterol  content  also  show  a  lessened  degree 
of  resistance  to  specific  hemoh'tic  agents.  Hence  it  may  be  concluded  that 
the  cholesterol  of  the  blood  in  great  part  determines  the  degree  of  resistance 
of  the  red  cells  to  sapotoxin  solutions. 
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LABORATORY  METHODS 


THE  WASSERMANN  TEST  AND  ITS  INTERPRETATION=^= 


By  R.  L.  Kahn,  Sc.  D.,  Lansing,  ilicH. 


INTRODUCTION 


JUDGING  from  the  requests  for  information  regarding  the  Wassermann  test 
wiiich  come  to  this  laboratory,  it  was  felt  that  a  paper  embracing,  first  the 
requirements  of  the  laboratory  for  correct  tests;  second,  the  responsibility 
of  the  physician  toward  this  end,  and  third,  the  interpretation  of  the  test, 
would  be  helpful  to  many  who  are  concerned  in  venereal  disease  control. 
It  was  with  this  view  in  mind  that  this  paper  was  prepared. 

Many  attempts  have  been  made  to  standardize  the  "Wassermann  test. 
The  New  York  City  Department  of  Health,^  for  example,  inaugurated  a 
movement  to  this  effect  among  New  York  City  Wassermann  workers  in  1915. 
It  was  soon  found,  however,  that  there  existed  so  much  diiference  of  opinion 
among  the  different  workers  regarding  the  procedure  of  the  test,  that  the 
attempt  was  finally  abandoned.  Standard  Wassermann  procedures  have  also 
been  attempted  by  the  U.  S.  Public  Health  Service-  and  the  Massachusetts 
State  Board  of  Health. ^t  It  appears  that  the  standardization  of  the  Wasser- 
mann techuie,  to  the  extent  of  its  being  employed  by  most  Wassermann  work- 
ers, is  a  very  difficult  task.  The  standardization  of  the  essential  requirements 
of  the  test  without  regard  to  the  procedure,  however,  can  be  brought  about. 

This  phase  of  standardization  was  discussed  in  a  recent  paper  from  this 
laboratory*  where  a  number  of  requirements  were  set  down  as  being  essential 
for  correct  Wassermann  tests.  These  requirements,  as  well  as  others  affecting 
the  correctness  of  this  test,  will  be  more  fully  considered  below.  There  are 
also  phases  influencing  Wassermann  results  which  are  largely  in  the  hands 
of  physicians  and  health  officers.  Finally,  there  are  numerous  questions  rel- 
ative to  the  interpretation  of  Wassermann  results.  Each  of  these,  for  the 
sake  of  clearness,  will  be  discussed  under  separate  headings. 


WHAT    THE    ST.iTE    L.\BORATORY    IS    DOING    TO    INSURE    CORRECT    WASSERMANN    TESTS 

1.  Tlic  Duplication  of  Wassermann  Tests. — It  is  evident  that  the  Wasser- 
mann test  should  be  performed  with  the  highest  accuracy.  This  particularly 
applies  to  the  public  health  laboratory.    In  a  hospital  laboratory,  if  the  Was- 


*From  the   Bureau   of  Laboratories,   Michigan   Department   of   Heahh,    Lansing,    Mich. 
tThe   Studies   on   the   Standardization   of   the   Wassermann    Test   by    Kolnier   and    Co-v 
Jour.  Syph.,  1919-21)  have  not  been  completed  at  the  time  of  preparation  of  this  paper. 
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sermaiiii  results  do  not  cheek  the  eliiiii-al  iliiij^iiosis,  there  is  no  serious  harm; 
another  specimen  can  be  obtained  witli  litth'  difficulty  and  the  test  repeated. 
In  a  public  health  laboratory,  howcxcr,  where  the  specimens  come  from  physi- 
cians Avho  are  scattered  over  a  w  idr  area,  the  Wassermann  results  must  neces- 
sarily be  accepted  as  practically  iiual.  For  a  public  health  laboratory  to  re- 
port a  positive  Wassermann  on  one  free  from  syphilis  is  a  very  grave  error 
indeed.  Then  again,  to  report  a  false  negative  might  result  in  seriously  endan- 
gering the  health  of  the  community.  To  overcome  both  of  these  possibilities, 
this  laboratory  runs  two  Wassermann  tests  of  varying  sensitiveness  on  every 
.specimen  coming  for  examination.  One  of  these  tests  is  carried  out  with 
the  alcoholic-extract  antigen  and  ice-box  fixation.  This  procedure  is  generally 
accepted  to  be  free  from  the  possibilitj'  of  picking  up  false  positives.  There 
are,  however,  isolated  eases  where  the  cholesterinized  antigen  appears  to  be 
more  sensitive  than  the  alcoholic-extract  antigen.  A  duplicate  series  of  tests 
are  thus  carried  out  with  this  antigen  in  order  to  pick  up  the  occasional  weak 
positive  M-hich  the  alcoholic  antigen  might  miss.  And  in  order  to  help  over- 
come the  tendency  of  the  cholesterinized  antigen  to  pick  np  an  occasional 
false  positive,  only  three  antigenic  vinits  are  employed,  also,  instead  of  ice-box 
fixation,  water-bath  fixation  is  resorted  to.  The  interesting  fact  regarding 
these  two  procedures  is  that  they  check  practically  100  per  cent.  Of  8000 
specimens  examined  during  the  past  four  months,  only  five  did  not  check  by 
both  methods,  or  one  specimen  in  1600. 

The  employment  of  two  distinct  Wassermann  procedures  of  varying  sensi- 
tiveness for  each  specimen  of  blood,  in  our  opinion,  goes  a  long  way  toward  the 
solution  of  the  problem  of  correct  Wassermann  tests.  The  mere  duplication 
of  tests,  however,  docs  not  necessarily  mean  that  the  final  results  are  abso- 
lutely correct.  What  the  State  Laboratory  is  doing  to  render  the  results  of 
the  individual  Wassermann  tests  of  the  highest  accuracy,  will  now  be  considered. 

2.  'I'Ik  Ji(  iiiiiriil  of  Antisheep  Ainhoci  pli  r  fraiii  llw  Patient's  SmiDi. — Per- 
haps the  main  i-(>as(iii  mIiv  natural  anilioccpl or  is  not  removed  from  the  pa- 
tient's serum  in  a  lariii'  nimilici-  of  Wasscrniaini  {laboratories,  is  because  of 
the  tediousncss  of  the  task.  I'lof.  Charles  E.  Simon,''  a  strong  advocate  of 
the  removal  of  natural  ainhciccptor  from  the  patient's  serum,  makes  this 
significant  statenuMit  regarding  this  question  in  a  recent  ]iaper:  "I  have  rea- 
son to  a.ssume  that  there  is  a  tendency  In  let  well  enough  alone,  on  the 
ground  that  the  original  technic  is  tinu'-consuniing  enough,  as  it  is.  and  that 
any  tendency  to  further  lengthen  the  jirocess  would  be  disregarded." 

The  fact   lliaf   na1ui-al  am])occi)lor  introduces  a  dcfinilc  source  of  ciTor  in 

llie   Wassermann   lest    is   well   established.''"     If  llic  lil I   of  a   syi)hiiilic   |)a- 

tient  should  liappni  In  cnnlain  a  small  iinnilicM-  df  so-called  syphilitic  anti- 
bodies and  a  relatively  large  aiimunl  of  natural  anil)oec])tor,  it  would  be  likely 
to  give  a  ni'uati\i'  Wasscniiann  i-csuli.  'I'lius  |)(isili\i'  i-caclions  are  continu- 
ously apt   1(1  lie  lost,  if  llic  natural  aiiilHicrptnr  is  mil   |-cniii\cd  fi-nni  the  serum. 

In  t  his  lali(iialoi-y.  the  rciii(i\al  nl'  ant  isheej)  amboccjilcir  t'rmn  the  patient's 
seruMi  is  pai'l  i>\'  ilie  rciulinc  in-ciccilurc  of  the  Wassernninu  test,  (tur  nictlmd 
is  fully  descrilie<l  in  anotlirr  paper.'     ilrirlly,  it  consists  of  adding  cnuccnl  rated 
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sheep-cells  to  inactivated  sera  in  the  proportion  of  1  drop  to  1  c.c.  and  per- 
mitting it  to  extract  for  10  minutes  at  room  temperature.  The  sheep-cells 
are  then  thrown  down  by  centrifuging  at  high  speed  and  the  clear  supernatant 
serum  is  ready  for  use.  This  simple  procedure  for  removing  natural  ambocep- 
tor has  been  applied  in  this  laboratory  to  about  16,000  Wassermann  tests,  Avith 
entirely  satisfactory  results.  It  is  efficient  in  its  amboceptor  removal ;  it  does 
not  cause  the  serum  to  become  anticomplementary;  and  its  time-consuming 
element  is  practically  negligible. 

3.  Complement  and  Amboceptor  and  their  Daily  Titrations. — Complement 
is  obtained  b}-  bleeding  guinea  pigs  under  anesthesia  directly  from  the  heart. 
The  blood  is  placed  in  the  ice  box  immediately  after  clotting  and  the  clear 
serum  is  drawn  ofl:  about  15  hours  after  bleeding.  From  3'  to  5  pigs  are  bled 
daily  in  order  to  insure  the  uniformity  of  the  complement.  Xo  complement 
is  employed  unless  it  is  practically  free  from  natural  amboceptor  and  possesses 
a  good  complement  titre. 

The  amboceptor  employed  is  prepared  by  immunizing  rabbits  with  sheep- 
cells,  previously  washed  five  times  with  saline.  Healthy  rabbits  are  given  three 
intravenous  injections  of  packed  cells  at  48-hour  iutervals.  The  first  injection 
consists  of  1  c.c.  and  the  second  and  third  of  2  c.c.  each.  Four  or  five  days 
after  the  last  injection,  an  amboceptor  titre  of  about  1-2000  is  usually  ob- 
tained. 

The  sheep  cells  are  obtained  once  every  three  days  from  our  own  sheep 
kept  for  this  purpose.  In  this  regard,  our  advantage  over  those  Avorkers  who 
are  obliged  to  obtain  sheep  blood  from  the  abattoir  is  evident.  In  the  latter 
case,  the  resistance  of  the  corpuscles  to  hemolysis  is  likely  to  vary  from  day 
to  day,  M'hile  in  our  case  this  factor  is  kept  practically  constant. 

The  cells  are  washed  four  times  with  salt  solution  in  order  to  wash  them 
free  from  serum;  and  after  the  fourth,  or  final  wa.shing,  they  are  packed 
by  centrifugation  at  the  same  speed  for  an  equal  period  of  time  every  day.  The 
concentration  of  cells  is  in  this  way  kept  uniform  from  day  to  day.  After 
the  cell  suspension  is  made  up  in  its  proper  dilution  for  the  daj',  it  is  filtered 
through  several  layers  of  cheesecloth.  This  is  done  as  a  special  precautionary 
measure  in  order  to  remove  tiny  clots  which  frequently  find  their  way  in  the 
suspension,  and  which  have  a  tendency  to  absorb  large  amounts  of  amboceptor. 

The  unit  of  new  amboceptor  is  determined  by  preparing  a  series  of  dilu- 
tions of  amboceptor-serum  and  titrating  each  with  0.1  c.c.  of  a  5  per  cent  sus- 
pension of  sheep-cells  and  0.1  c.c.  of  1-10  pooled  guinea  pig  complement  (1/10 
quantities  of  classical  Wassermann).  The  dilution  of  amboceptor-serum  aimed 
at,  is  one  Avhieli  contains  two  units  of  amboceptor  in  0.1  c.c.  This  dilution 
being  determined,  it  is  titrated  daily  for  a  week  with  different  pooled  comi^le- 
ments,  in  order  to  establish  a  permanent  amboceptor  unit. 

Complement  is  titrated  daily  to  determine  the  smallest  amount  which 
will  hemolyze  the  standard  quantity  of  sheep-cells  in  the  presence  of  2  units 
of  amboceptor.  This  smallest  amount  is  known  as  the  complement  unit,  and 
the  obtaining  of  this  unit  is  considered  of  such  importance  that  it  is  not  left 
for  one  worker  to  determine  it.     Two  workers  make   complement  titrations 
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and  determiiR'  tin-  comjiloiiu'iil  unit  iiuli'pi'iRk'utly  of  each  other,  and  the.se  units 
must  check  or  the  titrations  are  repeated. 

The  problem  of  eomplement  fixation,  as  tlie  name  implies,  is  the  problem 
of  tlie  amount  of  cDmplcmrnt  "lixed""  cn'  "li(iiiiid"  liy  scrum  and  antigen. 
This  amount,  as  is  well  known,  is  far  from  i)eing  unlimited.  An  excess  of  com- 
plement can  easily  obscure  the  amount  fixed  by  serum  and  antigen  and  render 
a  syphilitic  serum  negative.  An  insufficient  amount  of  eomplement,  on  the 
other  hand,  can  render  a  negative  serum  positive.  It  is  felt,  therefore,  that 
the  determination  of  the  complement  unit  with  the  utmost  care  is  time  en- 
tirely well  spent. 

AYe  do  not,  however,  stop  with  daily  complement  titrations;  we  daily 
titrate  our  amboceptor  as  well.  This  is  done  not  because  of  the  slight  changes 
in  the  keeping  quality-  of  the  amboceptor,  but  in  order  to  insure  that  no  less 
than  2  units  of  amboceptor  will  be  employed  with  the  complement  and  cell 
suspension  of  any  given  day.  These  amboceptor  titrations  are  carried  out 
toward  the  end  of  the  fixation  j^eriod.s — just  before  adding  amboceptor  and 
cells  to  the  tests.  And  as  a  result  of  these  extra  titrations,  we  have  been 
able  to  avoid  the  occasional  difficulties  which  come  up  in  a  Wassermann  lab- 
oratory, due  to  an  unbalanced  hemolytic  system. 

The  advantages  derived  from  these  daily  amboceptor  titrations  are  fully 
discussed  in  another  paper.'"  SufiSce  it  to  say  in  this  connection  that  these 
titrations  enable  one  to  determine  the  amount  of  complement  which  has  de- 
teriorated during  the  fixation  period.  We  employ  2  units  of  complement  in  our 
tests,  but  by  the  end  of  the  fixation  period,  when  amboceptor  and  cells  are 
ready  to  be  added,  we  might  be  dealing  with  I14  to  li/o  complement  units  in- 
stead. In  other  words,  the  complement  potency  might  have  been  lowered 
sufficiently  to  actually  affect  the  balance  of  the  hemolytic  system.  Whenever 
this  happens,  the  amboceptor  titrated  against  the  2  units  of  eomplement  em- 
ployed in  the  test,  is  considei-ably  weaker  than  if  slmuld  be  and  is  adjusted 
accordingly. 

4.  The  Aiiliijnis  mitt  Ihtir  Paihi  'I'll nil i(jiist. — Two  antigens  obtained  from 
different  sources  are  employed :  an  alcoholic  extract  of  beef-heart  and  a  cho- 
lesterinized  antigen  of  pig-heart.  The  alcoholic  antigen  is  prepared  according 
to  Newman  and  Gager,"  who  recently  developed  this  method  at  the  Johns 
Hopkins  Hospital.  The  beef-heart  is  first  freed  from  fat,  fiber  and  blood-ves- 
sels and  is  then  ground  and  dried.  The  dried  beef-heart  is  then  extracted 
several  times  with  ether,  after  wliicii  it  is  extracted  with  95  per  cent  alcohol. 
The  ether  extract  possesses  little  antigenic  value,  is  rich  in  anticomplementary 
and  hemolytic  substances,  and  is  discarded.  The  subsequent  alcoholic  extract, 
on  the  otliiT  hand,  possesses  an  unusually  high  antigenic  value  with  ciim|)ar- 
atively  little  :i  nt  ic(imi)lementai'y  and  hemolytic  ])ro])erties. 

The  pig-licart  antii!i'n  is  prcpai'cd  in  the  same  way  as  the  bccf-lieart  antigen, 
except  that  it  is  half  saturati'd  with  clidlcstcriii,  or  what  is  cipial  to  tlic  same 
thing,  0.4  gm.  ,<\'  clnilcstciin  is  added  to  every  100  c.c.  of  the  alcolndic  antigen. 

What  is  no  less  iiiipurtant  tlian  the  |ircparat  ion  of  the  antigens  is  their 
standardization:  that  is,  tlie  <lelci-iMiiial  io)i  nf  tin'  ant  icnniplcnicntary  and  hemo- 
lytic   i)ro])ci-tics   and,    tiinill\-,    their   antigenic   strength    or   complement-binding 
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power.  Tlie  smallest  quantity  of  autigen,  which  will  give  a  -i-plus  with  a 
known  syphilitic  serum,  is  spoken  of  as  the  antigenic  unit,  and  because  of  the 
different  properties  of  the  two  antigens  employed,  the  respective  antigenic  units 
as  used  in  the  tests,  vary  widely.  Thus,  while  the  alcoholic  extract  antigen  in 
present  use  contains  from  8  to  10  antigenic  units,  that  is,  from  8  to  10  times 
the  quantity  which  will  bind  complement  with  a  4-pIus  serum,  the  eholesterin  anti- 
gen emplo.yed  contains  but  2  to  3  antigenic  units  or  onlj-  2  to  3  times  the  quantity 
which  will  give  a  4-plus  with  a  known  syphilitic  serum.  Experience  has  shown 
that,  while  the  alcoholic  antigen  possesses  no  tendency  to  pick  up  false  posi- 
tives, the  eholesterin  antigen  i^ossesses  this  property  to  a  considerable  degree. 
Therefore,  by  employing  but  2  or  3  antigenic  units  of  the  eholesterin  antigen 
in  the  test,  it  is  practically  impossible  to  lose  positives  and  at  the  same  time  un- 
likely to  pick  up  false  positives.  The  standardization  of  new  antigens  is  car- 
ried out  daily  for  a  week  with  different  pooled  positive  sera,  and  these  antigens 
are  finally  employed  in  the  tests  only  after  the  antigenic  unit  is  sufficienth' 
removed  from  the  anticomplementary  and  hemolytic  units. 

Double  antigen  controls  are  employed  with  each  series  of  nine  Wassermann 
tests.  Besides  this,  however,  in  order  to  further  insure  the  constancy  of  the 
binding  power  of  the  antigens,  a  daily  titration  of  each  antigen  is  run  with  the 
tests.  These  titrations,  aside  from  giving  the  antigenic  strength  with  the  daily 
hemolytic  system  (amboceptor,  complement  and  cells),  insure  also  this  pre- 
requisite, that  at  least  four  times  the  quantity  of  antigen  used  in  the  test  is 
not  hemolytic  and  does  not  b.y  itself  bind  complement,  that  is.  is  not  anticomple- 
mentary. 

With  regards  to  fixation,  it  might  be  added  that  two  different  modes  are 
adhered  to :  Ice-box  fixation  for  a  period  of  4  hours,  in  the  case  of  the  alcoholic 
antigen,  and  water-bath  fixation  for  V2  bour  in  the  case  of  the  eholesterin  antigen. 
The  superiority  of  the  ice-box  method  of  fixation  over  watei'-bath  fixation,  when 
the  alcoholic  extract  antigen  is  employed,  is  well  established.  MeNeiP-  was 
the  first  observer  in  this  country  to  show  the  importance  of  ice-box  fixation,  and 
his  technie  is  still  adhered  to  in  the  New  York  City  Department  of  Health. 
Ottenberg,*  McNeal  and  Smith, ^^  and  others"  have  since  pointed  out  the  eflfi- 
eaey  of  this  form  of  fixation. 

The  fixation  of  the  cholesterinized  antigen  is  carried  out  in  the  water-bath 
at  37.5°  C.  for  %  hour.  The  employment  of  ice-box  fixation  with  cholesterinized 
antigen  means  the  picking  up  of  large  numbers  of  false  positives,  as  has  been 
pointed  out  by  a  large  number  of  workere.^^-  ^*  On  the  other  hand,  the  fixation 
with  this  antigen  for  Yo  hour  in  the  water-bath,  reduces  this  tendency  to  pick 
uj)  false  positives,  to  a  minimum.* 

5.  The  Daily  Control  Systems. — When  the  various  materials  which  enter 
into  the  Wassermann  test  are  prepared  with  the  utmost  care,  the  performance 
of  the  test  itself  becomes  a  relatively  simple  matter.  It  wall  be  recalled  that  the 
underlying  problem  in  the  Wassermann  test  is  to  find  whether  some  unknown 
serum  in  combination  with  the  proper  antigen  will  bind  complement  and  thus 
prevent  hemol.ysis  of  a  standard  amount  of  corpuscles  in  the  presence  of  their 


"Since  the  preparation  of  this  paper  we  have  bei 
box  temperature  with  the  cholesterinized  antigen  tests. 
Arch,  of  Deriv.at.  and  Syflt. 
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specific  amboceptor  (lunuolysin).  Aiul.  if  inoperly  coiitroUcd,  no  undue  diffi- 
culties ouglit  to  present  themselves. 

The  first  step  in  the  test  is  the  staiuhirdizatiou  of  the  heraol.ytic  system,  tliat 
is,  the  finding  of  the  proper  amounts  of  eomploiicnt  and  amboceptor  necessary  to 
hemolyze  a  standard  amount  of  sheep's  corpuscles.  Tliis  being  accomplished,  it 
must  be  proved  that  the  patient's  serum  ak)ne,  and  antigen  alone,  do  not  in  any 
way  interfere  with  hemolysis.  Then,  if  the  patient's  serum  in  combination  with 
antigen  prevents  hemolj-sis,  the  test  is  positive:  if  they  do  not  prevent  hemolysis, 
the  test  is  negative. 

Not  infrequently,  serum  and  antigen  will  cause  partial  hemolysis.  When  this 
happens,  the  results  are  interpreted  in  accordance  with  the  degree  of  hemolysis, 
employing  the  Citron'^  classification. 

No  Hemolysis  or  complete  fi.xation  ^  +  +  +  + 
25%  Hemolysis  or  759c   fixation  =  +  +  + 
50%   Hemolysis  or  50%  fixation  =  +  + 
75%  Hemolj-sis  or  25%  fixation  =  + 
871/2%  Hemolysis  or  12^  i>/f  fixation  =  ± 
100%    Hemolysis   or   no   fixation   =   - 

Superimposed  on  all  the  precautionary  measures  mentioned  in  this  paper, 
daily  control  systems  are  employed  with  each  of  the  tests,  which  are  a  source  of 
great  help  to  us.  Aside  from  running  a  4-plus  and  negative  control,  we  also 
run  a  doubtful  control.  As  is  seen  from  the  outline,  a  doubtful  reaction  is 
somewhere  between  a  one-plus  and  a  negative,  representing  about  I2V2  per  cent 
of  comi)lcment  binding;  and  this  doubtful  control  is  expected  to  show  approxi- 
mately the  same  amount  of  complement  fixation  from  day  to  day. 

The  appearance  of  these  doubtful  controls  often  gives  us  a  clue  as  to  how 
some  of  the  "borderline"  tests  are  to  be  read.  Thus,  if  on  a  given  day  the 
doubtful  control  appears  to  be  more  like  a  one-plus  than  doubtful,  we  consider 
our  system  slightly  "slow"',  and  if  on  that  day,  we  are  in  doubt  as  to  whether 
to  read  a  given  test  two-plus,  or  three-plus,  we  read  it  two-phis.  If,  on  the 
other  hand,  our  doubtful  control  is  verj^  weak,  we  consider  our  system  slightly 
"fast",  and  we  read  our  borderline  tests  accordingly. 

In  conclusion,  it  might  be  stated  that  the  "Wasscrnuuin  test  being  performed 
with  biologic  extracts  and  fluids,  can  hardly  be  expecled  to  behave  with  the 
same  exactness  as  a  purely  chemical  test.  This,  in  our  opinion,  is  the  very 
reason  why  no  effort  .should  be  spared  in  rendering  this  test  as  accurate  and 
reliable  as  its  inherent  biologic  factors  will  permit.  With  every  step  of  the 
test  carefully  controlled,  it  is  felt  that  a  high  degree  of  precision  is  being  at- 
tained. What  ])ai-ticularly  encourages  us  in  this  effort  is  the  fact  that  our 
two  Wassei'inann  systems  cheek  ]ii'acl  ii-ally  1(10  ])er  cent. 

Ill 
WHAT  Tin;  riivsiciAN   am>   niAi/iii   offici-.k   can    dh  t(i   ni;i,i'   ixsrin:   corrf.ct 

\VASS1:KMA.\.\  TliSTS 

1.  'Jill  I'ri  I'l  iiliiiii  iif  II I  iiii/h/nd  Sprritihrus. — Eiglily  specimens  a  inontii. 
oil  an  avei-age,  reai'li  this  iaboralorx'  in  a  hcmolv/ed  coiulit  ion.     Yet  llie  waste 
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of  time  these  specimens  cause  the  i)hysiciaii,  the  patient  and  the  laboratory  can, 
in  most  cases,  be  prevented. 

Tliere  are  many  reasons  why  blood  specimens  hemolyze.  According  to 
Olson'"  liemolysis  is  due  largely  to  the  employment  of  the  syringe.  This  author 
claims  that  the  force  required  in  discharging  the  blood  from  the  syringe  into 
the  vial  breaks  the  fragile  corpuscles.  Roderick,^"  however,  is  inclined  to  disa- 
gree with  this  worker,  maintaining  that  he  has  used  the  syringe  method  of  blood 
collection  in  14,500  cases  with  no  more  than  2  per  cent  hemolyzed  specimens. 
It  would  appear  that  even  2  per  cent  is  an  unnecessary  waste,  and,  if  at  all  pos- 
sible, ought  to  be  avoided. 

By  far  the  largest  number  of  hemolyzed  specimens  is  caused,  in  our  opin- 
ion, by  the  fact  that  proper  clotting  is  interfei-ed  with.  The  clumping  together 
of  the  red  cells  dui-ing  coagulation  tends  to  preserve  these  cells,  thereby  keeping 
the  serum  practically  free  from  hemolyzed  corpuscles.  The  more  perfect  the 
clot,  the  less  chance  there  is  for  hemolysis.  "While  the  less  perfect  the  clot, 
the  greater  chance  for  hemolysis.  Recently  a  physician  brought  to  the  labora- 
tory a  specimen  of  blood  which  he  had  drawn  only  ten  minutes  before.  This 
specimen  showed  marked  hemolysis — undoubtedly  because  the  blood  was  con- 
tinuously shaken  and  proper  clotting  interfered  with. 

Cold  retards  coagulation.  It  is  therefore  best  not  to  place  the  blood  vial  in 
the  ice  box  until  after  the  blood  has  coagulated.  Lack  of  air,  also,  retards  coag- 
ulation. This  factor  is  partially  overcome  by  slanting  the  blood  vial  and  thus 
giving  the  blood  a  larger  surface  exposure. 

It  is  assumed  that  whatever  procedure  is  employed  in  obtaining  blood,  that 
sterile  conditions  are  adhered  to,  and  that  the  syringe  and  vial  are  dry  and  clean. 
If  this  is  done  and  the  vial  slanted  and  permitted  to  remain  at  room  temperature 
until  clotted,  the  specimen  ought  to  reach  the  laboratory  free  from  hemolysis, 
even  though  it  may  be  several  days  en  route. 

Needless  to  say  that  the  best  way  to  prevent  hemolysis  of  Wassermann  spec- 
imens is  to  forward  corpuscle-free  serum  to  the  laboratory.  This  can  easily 
be  accomplished  by  centrifuging  the  blood  specimen  and  drawing  off  the  serum 
by  means  of  a  capillary  pipette.  When  a  centrifuge  is  not  available,  clear  serum 
can  be  obtained  by  breaking  up  the  clot  with  a  wooden  applicator  and  placing 
the  specimen  in  the  ice  box  for  several  hours.  It  is  pai'ticularly  advisable  to  send 
serum  to  the  laboratory  during  hot  weather  when  there  is  a  greater  tendency  for 
the  blood  to  vuidergo  decomposition. 

2.  The  Prevention  of  Aniicomplcmentanj  Specimens. — It  will  be  recalled 
that  a  serum  is  anticomplementary  when  it  is  by  itself,  without  antigen,  capable 
of  absorbing  or  "fixing"  unusually  large  amounts  of  complement.  Thus,  while 
an  average  serum,  in  the  quantity  employed  in  the  test,  will  absorb  from  Yiq 
to  1/2  of  a  unit  of  complement,  an  anticomplementary  serum  in  the  same  quantity 
may  absorb  from  2  to  10  of  this  reagent. 

Theoretically,  a  "Wassermann  test  can  be  run  with  an  anticomplementary 
specimen  with  reasonable  itccuracy.  The  first  step  is  to  determine  the  number 
of  units  of  complement  that  the  anticomplementary  serum  will  absorb.  This 
being  accomplished,  the  second  step  is  to  find  out  how  much  more  complement  this 
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seriiiii  will  absorli.  wlieii  mixed  with  a  standard  auiounl  oi"  Wasscrmaim  aiitif^en. 
To  illustrate:  If  a  given  serum  absorbs,  let  us  say,  6  units  of  complement  by 
itself  and  8  or  more  units  of  complement  when  mixed  with  antigen,  it  is  reason- 
ably safe  to  consider  the  serum  as  giving  a  positive  AVassermann  reaction.  The 
reason  it  is  not  well  to  run  Wassermaiins  with  anticomplementarj'  specimens 
is  that  the  results  are  reasonably  correct,  biil  nut  (ihaaluiely  correct.  And,  until 
we  learn  more  about  the  chemical  nature  of  anticomplementary  specimens,  it  is 
far  better  to  obtain  another  specimen  from  the  same  patient  and  perform  a  reg- 
ular Wa.ssermann  test. 

Why  are  specimens  anticomplementary?  Frecjuontly  because  of  bacterial 
contamination.  Craig'*  found  that,  if  sera  are  inoculated  with  staphylococcus 
aureus  and  albus  and  other  common  organisms,  anticomplementary  properties  are 
developed  in  practically  all  cases.  This  investigator  further  found  that  such  con- 
taminated specimens  are  actually  liable  to  give  false-positive  results. 

Occasionally,  blood  specimens  which  are  known  to  be  free  from  contamina- 
tion are,  nevertheless,  anticomplementary.  There  is  not,  to  our  knowledge,  a 
scientific  explanation  for  this  phenomenon. 

When  one  I'ecalls,  however,  that  in  most  cases,  anticomphMuentary  specimens 
are  due  to  bacterial  contamination,  it  is  evident  that  we  are  dealing  with  a  con- 
dition which  is  easily  preventable.  Indeed,  there  is  not  sufficient  reason  why 
blood  -specimens  should  ever  be  contaminated,  considering  particularly  the 
marked  inherent  germicidal  properties  of  freshly  drawn  blood. 

3.  Factors  Influencing  the  Wa^sermann  Test. — Considering  that  the  Inology 
of  the  Wassermann  test  is  as  yet  unknown,  it  is  evident  that  every  factor  which 
might  influence  the  correctness  of  the  test  should  be  noted.  Thus,  blood  taken 
during  the  height  of  the  febrile  period  in  any  of  the  febrile  diseases  will  fre- 
quently give  a  po.sitive  Wassermann  reaction  in  i)atients  apparently  free  from 
syphilis."  The  ingestion  of  alcohol  appears  to  have  an  opposite  effect.  Within 
twenty-four  hours  after  taking  some  alcohol,  positive  reactions  will  frecpiontl.v 
become  negative.  This,  it  appears,  does  not  apply  to  gin.  Indeed,  it  is  claimed 
that  within  twenty-four  hours  after  the  intake  of  gin,  a  normal  individual  will 
occasionally  give  a  posilive  Wassermann  reaction  (Wilei.  Blood  for  a  Wasser- 
mann test  taken  (hiring  anesthesia  W'ill  also  fi-ci(ucntl\-  give  a  false-iiositive 
reaction. 

Among  the  nonsy  pliilit  ic  (lisl•a^(■s  which  liavi'  been  reported  to  give  a  i)Osi- 
tive  Wassermann  reaction,  are  frambesia  (yaws),  leprosy,  the  febrile  stage  of 
malaria,  relapsing  fever,  yellow  fever,  and  occasionall.v  pellagra.  Foi'tunately, 
with  the  exception  of  malaria,  most  of  these  diseases  are  quite  uncommon  and, 
therefore,  play  but  a  little  part  in  intluencing  the  interpretation  of  the  test. 

4.  The  Handling  of  ^\'<l,'iserm(tHn  Specimrns. — The  physician,  who  sends 
specimens  to  the  laboratory  to  be  tested,  has  a  right  to  exi)ect  that  they  will  be 

looked  after  and  cxanii 1  willi  tlir  'greatest   care,     lias  not   llie  laburalory  llie 

.same  rigid  to  exi)ecl  similar  care  on  tiic  part  of  the  pliysician  in  llie  jtniper 
taking  and  forwardinj.'  ol'  spci'iniens  ? 

Blood  for  Wassei-nianii  Icsts  I'caclies  this  hiliiii-atm  y  in  ImiHIcs  of  neai'ly 
every  concrixalile  type.      It    is  assumed,  df  eoui-se.   that    in   ]n-act  ii-ally  all   eases 


THE    WASSERMANN    TEST   AND    ITS   INTERPRETATION  587 

they  have  been  properly  washed  and  sterilized  before  using.  The  occasional 
container,  however,  which  is  hastily  washed,  may  hold  chemical  substances  that 
might  influence  the  correctness  of  the  Wassermann  test.  In  order  to  overcome 
just  such  conditions,  this  Health  Department  Laboratory,  as  well  as  similar 
laboratories,  furnishes  sterile  vials  u]K)n  reciuest,  and  as  far  as  possible  only  these 
vials  should  be  used. 

Health  officers  who  are  called  upon  to  obtain  specimens  of  blood  in  large 
numbers,  as  is  frequently  true  in  testing  food-handlers,  are  particularly  urged 
to  see  that  those  who  record  the  names  are  sufficiently  responsible  to  recognize 
the  great  danger  of  confusing  specimens.  An  error  of  this  kind  recently  came 
to  our  attention  and  would  have  worked  serious  harm,  were  it  not  for  the  fact 
that  the  health  officer  traced  and  corrected  it  in  time.  There  is  but  one  way 
to  overcome  such  errors,  namely,  that  all  those  who  are  in  any  way  connected  with 
"Wassermann  specimens  must  be  taught  the  importance  of  handling  such  speci- 
mens with  the  utmost  care. 


THE    INTERPRETATION    OP    WASSERMANN    RESULTS 

1.  Interpreting  the  Laboratory  Report. — Some  laboi'atories  report  results 
of  the  Wassermann  test  as  positive,  doubtful  and  negative.  Other  laboratories 
report  Wassermann  results  as  two-plus  (++),  one-plus  (-!-),  doubtful  (±),  and 
negative  (-).  Still  others  report  four-plus  (-H-H-),  three-plus  (+^+),  two-plus 
(-H-),  one-plus  (+),  doubtful  (±),  and  negative  (-).  This  last  mode  of  report- 
ing as  proposed  by  Citron  is  adhered  to  in  this  laboratory. 

A  four-plus  (mm)  report  means  that  the  Wassermann  test  is  100  per  cent 
positive;  a  three-plus  (-H-I-),  that  it  is  75  per  cent  positive.  A  two-plus  (++) 
report  means  that  the  test  is  50  per  cent  positive;  a  one-plus  {+),  that  it  is  25 
per  cent  positive;  and  a  plus-minus  (±),  that  it  is  from  10  to  15  per  cent  posi- 
tive. We  adhere  to  this  mode  of  reporting,  because  in  our  opinion  it  is  of 
greater  help  to  the  physician  in  interpreting  his  clinical  findings. 

We  are  frequently  asked  to  interpret  the  meaning  of  a  doubtful-positive 
or  plus-minus  (dz)  report.  A  doubtful-positive  is  the  weakest  positive  reported, 
ranging  as  was  stated  above,  from  a  10  to  a  15  per  cent  positive  Wassermann  test. 
In  the  absence  of  clinical  history  and  findings,  such  a  report  could  undoubtedly 
be  disregarded.  In  the  presence  of  clinical  manifestations,  however,  a  doubtful 
report  should  be  considered  as  a  weak-positive  reaction. 

The  Wa.ssermann  tests  performed  with  the  cholesterinized  antigen  show  a 
tendency  of  "picking  up"  doubtful  positives,  even  in  normal  individuals.  The 
tests  performed  with  the  alcoholic  antigen  do  not  appear  to  possess  this  property. 
Under  these  conditions,  when  a  Wassermann  test  is  reported  doubtful-positive 
(d=)  with  the  cholesterinized  antigen  alone,  it  is  far  less  significant  than  when 
the  test  is  reported  doubtful-positive  (±)  with  both  the  alcoholic  and  choles- 
terinized antigens,  or  even  with  the  alcoholic  antigen  alone. 

W^hen  the  clinical  manifestations  on  the  part  of  the  patient  are  of  a  doubt- 
ful nature  and  the  Wassermann  report  is  doubtful  positive  (±),  it  is  well  to 
repeat  the  Wassermann  test  two  or  three  times  at  about  10-day  intervals.     The 
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repeated  tests  may  be  nefrative,  iloubl  lul-positive  (±).  or  one-plus  (-)  or  two- 
plus  (-H-).  The  cliniciau  will  tlius  1m'  alile  to  judge  accordingly.  Should  the 
tests  continue  to  be  doubtful-positive  (±),  the  institution  of  antisyphilitic 
treatment  must  be  based  on  a  more  thorough  search  of  clinical  manifestations. 

2.  Jn  Untreated  Cases  of  Sjjphilis. — We  are  accustomed  to  think  that  a 
patient  suffering  from  syphilis  has  stjphiUtic  antibodies  in  his  blood  and  that 
tlie  "Wassermann  test  proves  the  presence  or  absence  of  these  antibodies.  This 
liypothesis  renders  the  interpretation  of  Wassermann  results  quite  ditfieult.  We 
know  that  in  most  infections,  antibodies  circulate  in  the  blood  long  after  the  dis- 
appearance of  the  infective  agent  from  the  body,  while  in  syphilis,  just  as  soon 
as  the  spirochete  are  exterminated  from  the  body,  the  Wassermann  test  to  our 
knowledge  becomes  negative.  What  is  probably  more  likely,  is  that  the  Was- 
sermann test  is  an  index  to  the  presence  in  the  system  of  the  Spirochete  pallida 
or  some  product  of  these  organisms,  which  some  writers  speak  of  as  syphilitic 
reagin.  And  with  this  view  in  mind,  the  interepretation  of  the  Wassermann  test 
in  the  various  stages  of  syphilis  is  relatively  simple. 

In  the  early  primary  stage,  wlien  the  amount  of  syphilitic  reagin  circulat- 
ing in  the  blood  is  comparatively  small,  the  Wassermann  reaction  is  likely  to  be 
negative  or  A'ei-y  weakly  positive.  In  the  later  primary  stage  as  the  reagin  in- 
creases in  the  sy.stem,  the  Wassermann  reaction  usuall.v  becomes  stronger ;  while 
in  the  still  later  primaiy  stage,  still  stronger.  Craig,  who  has  made  a  study 
of  the  appearance  of  the  Wassermann  reaction  in  600  cases  of  primary  syph- 
ilis, found  36  per  cent  positive  reactions  during  the  first  week  after  the  appear- 
ance of  the  chancre ;  59  per  cent  during  the  second  w^eek ;  68  per  cent  during 
the  third  week;  77  per  cent  during  the  fourth  week;  and  81  per  cent  during  the 
fifth  week. 

It  is  evident  lliat  a  negative  Wa.ssermann  result  during  the  primary  stage 
does  not  exclude  the  possibility  of  .syphilis.  Furthermore,  a  one-plus  (+)  or  plus- 
minus  (±)  reaction  in  this  stage  might  safel.y  be  considered  as  sufficient  cause 
for  specific  treatinent.  When  the  Wassermann  is  negative  in  the  primary  .stage, 
we  usually  recoiiiinciKl  (liat  another  blood  specimen  be  forwarded  for  reexamina- 
1  i(in   in  a   week  or  ten  days. 

ill  untreated  cases  of  secondary  syi)liilis  the  Wassermann  test  is  positive  in 
from  92  to  100  per  cent  of  eases.  The  intensity  of  the  reaction,  however,  does 
not  always  corresi)ond  to  the  severity  of  the  infection,  although,  as  a  rule,  the 
more  severe  the  infection,  the  stronger  the  Wassermann  reaction.  It  is  well  to 
point  out  in  this  connection  that  precocious  malignant  syphilis,  which  is  perhaps 
one  of  the  worst  manifestations  of  tliis  disease,  gives,  as  a  rule,  a  negative  Was- 
sermann reaction  (Wile). 

The  Was.sermann  test  in  tcitiary  sy|)liilis  is  ]i(isitive  in  about  96  per  cent 
of  cases.  This  test  is  jtarticularly  vahiable  in  this  stagi'  (if  the  disease,  since 
the  clinical  syniplnins  air,  in  many  cases,  obscure.  In  this  condition,  Wasser- 
mann tests  on  the  spinal  Ihiid  are  often  of  great  vahie,  jiart  icularly  when  the 
blood  gives  a  weak  or  negative  reaction. 

In  lalriit  syphilis  wlirrr  the  sjiiroihitf  ai-c  donnani  and  little  tissue  destruc- 
tion is  goin^;-  on,  one  tinds  a  smaller  pel'  eeiil  of  positives  as  eoni|iared  willi  nioi-e 
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active  sypliilitie  conditions.  Craig  reports  67  per  cent  of  positive  reactions  in 
latent  syphilis.  Due  to  the  dormant  condition  of  the  organisms,  one  also  is 
likely  to  find  numerous  weak  reactions  in  this  stage. 

In  tliis  form  of  syphilis,  particularly  in  the  presence  of  nervous  symptoms, 
the  Wassermann  reaction  of  the  spinal  fluid  is  frequently  positive  when  the 
blood  reaction  is  negative.  It  is  important,  therefore,  to  determine  the 
Wassermann  reaction  of  this  fluid  in  all  cases  of  suspected  latent  syphilis 
which  give  negative  reactions  in  the  blood.  A  positive  reaction  in  the  spinal 
fluid  often  establishes  a  diagnosis  of  neurosyphilis  long  before  nervous  manifes- 
tations set  in. 

In  congenital  syphilis  the  Wassermann  test  shows  a  high  per  cent  of  posi- 
tives. Children  showing  syphilitic  lesions  at  birth  usually  give  positive  Wasser- 
manns  in  100  per  cent  of  eases.  M^here  the  lesions  appear  later  in  life,  the  Was- 
sermann test,  it  is  claimed,  misses  occasional  cases  of  this  foi-m  of  syphilis. 

It  is  evident  from  the  foregoing  that  in  every  syphilitic  stage  isolated  cases 
are  found  which  will  not  respond  to  the  Wassermann  test.  Syphilologists  insist, 
therefore,  that  in  the  presence  of  clinical  symptoms  a  negative  Wassermann  test 
does  not  exchide  syphilis. 

3.  In  Cases  Undergoing  Treatment. — There  is  much  difi:ercnce  of  opinion 
as  to  the  interpretation  of  the  Wassermann  test  in  treated  cases.  According  to 
Wile  and  Hasley,-"  a  patient  who  has  undergone  intensive  treatment  and  is 
clinically  free  from  the  disease  may,  with  reasonable  safety,  be  considered  cured, 
even  though  his  blood  gives  a  jjositive  Wassermann  reaction.  "We  are  con- 
vinced," say  these  investigators,  "that  in  the  presence  of  an  intensive  therapy, 
a  positive  test  does  not  necessarily  mean  living  siiirochetes  and  potential  syphilis 
an,y  more  than  a  positive  tuberculin  test  in  an  individual  who  has  had  tuber- 
culosis would  indicate  the  presence  of  living  tubercle  bacilli."  This  view  is 
shared  by  numerous  syphilologists.-'  There  are  others,==  however,  who  insist 
that  a  patient  cannot  be  considered  cured  unless  he  gives  a  negative  Wassermann 
reaction.  In  summing  up  this  subject,  Kolmer-='  states,  "It  has  been  abundantly 
proved,  however,  that  in  syphilis  a  single  negative  reaction  is  not  sufficient  or 
definite  evidence  that  a  cure  has  been  efilected,  for  the  disease  may  recur  after 
treatment  is  discontinued,  at  least  to  the  extent  that  the  Wassermann  reaction 
reappears,  followed  by  clinical  manifestations.  It  is  necessary,  therefore, 
that  successive  examinations  be  made  during  a  period  of  at  least  two  years,  and 
off  and  on  during  the  remainder  of  life."  It  appears  that  Wile  and  his 
school,  particularly  object  to  the  so-called  "serologic  cure,"  i.  e.,  the  employ- 
ment of  the  Wassermann  test  as  the  criterion  as  to  whether  or  not  a  patient 
is  cured.  The  biology  of  the  Wassermann  test  being  unknown,  they  insist  that 
the  clinical  condition  of  the  patient  must  be  of  first  consideration  and  the 
Wassermann  results  of  secondary  consideration,  in  attempting  to  judge  the 
results  of  treatment.  To  these  workers,  the  presence  of  a  positive  Wassermann 
reaction  implies  that  a  patient  has  or  has  had  syphilis. 

It  would  seem  that  each  case  represents  its  own  individual  problem.  And 
the  consensus  of  opinion  among  'syphilologists  appears  to  be  that  in  the  gen- 
eral run  of  cases,  treatment   should  be  continued  until  the   Wassermann  is 
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negative.  In  the  so-called  " Was.seriiiaiiii  fast"  eases,  however,  wlieve  the 
Wassermann  reaction  is  persistently  4 +,  the  i)riuiary  aim  should  he  to  clear 
up  the  clinical  symptoms  and  to  institute  fui-ther  treatmeiil  only  after  con- 
siderable periods  of  rest.* 

We  are  frequently  asked  how  long  after  the  administration  of  antisyphi- 
litie  treatment  should  one  attempt  to  determine  the  value  of  the  treatment  hy 
means  of  the  Wassermann  test.  For  two  or  three  weeks  following:  treatment, 
the  Wassermann  reaction  becomes  weak  or  negative  in  most  eases.  Frequently, 
however,  this  is  but  a  temporary  manifestation  due  to  the  immediate  effect  of 
treatment.  If  the  Wassermann  reaction  is  negative  two  months  or  longer 
after  treatment,  it  is  reasonably  safe  to  assume  that  the  treatment  had  its  de- 
sired effect.  Needless  to  say  that  the  retesting  of  blood  of  supposedly  cured 
cases,  let  us  say,  at  six-montli  oi-  yearly  intervals  sliould  be  encouraged  in  all 
cases. 

4.  The  Provocative  Wassermann. — Occasionally  the  administration  of  anti- 
syphilitic  treatment,  such  as  mercury  or  salvarsan,  will  in  the  course  of  about 
three  days  change  the  Wassermann  reaction  of  a  syphilitic  patient  from  negative 
to  positive.  This  is  known  as  a  Provocative  Wassermann  Reaction  and  is  claimed 
to  occur  only  in  latent  cases  of  syphilis.  The  explanation  of  this  reaction  is  not 
quite  clear.  The  antisyphilitic  treatment  possibly  awakens  the  dormant  spiro- 
chete into  greater  activity,  thus  causing  them  to  liberate  sufficient  reagin  to  ren- 
der the  test  positive.  There  is,  however,  a  tendency  on  the  part  of  syphilologists 
to  place  less  and  less  faith  in  the  provocative  Wassermann  reaction.-*  Some 
workers  believe,  for  example,  that  the  administration  of  salvar.san  or  neosal- 
varsan  will,  in  some  cases,  bring  about  a  positive  Wassermann  reaction  even  in 
nonsyphilitic  conditions.  Strickler,  Munson  and  Sidlick"  recently  reported  a 
series  of  cases  which  developed  positive  Wassermann  reactions  after  adminis- 
tration of  salvarsan,  although,  in  their  opinion,  .syi)hilis  could  absolulely  be 
excluded  from  them. 

Witli  regard  to  the  spinal  tiuid,  Solomon  and  Klauder-"^  report  in  a  recent 
]ia|>ci'  tliat  the  intravenous  oi-  intraspinal  injection  of  arsphenaniine  changed 
negative  to  positive  Wassernuuin  reactions  in  a  number  of  syphilitic  cases,  no 
provocative  reaction  being  obtained  with  the  blood  serum  in  these  cases.  These 
workers,  however,  do  not  claim  this  to  be  a  frequent  phenomenon.  A'aseular 
neurosyphilis,  for  example,  with  negative  cerebrospinal  tluid  fre(iuen11y  does 
not  react  in  this  manner. 

The  consensus  of  oi)iiiion  ol'  syphik)h)gists  ai)]n'ars  to  he  that  tlie  development 
of  a  i)ositive  reaction  following  salvarsan  and  neosalvarsan  treatment  should 
be  interpreted  with  due  caution  and  in  conjunction  with  the  clinical  evidence 
of  the  case. 

5.  The  Wassirtiuinu  Test  in  PrcniKinrij. — Prof.  .1.  \V.  Williams'-'  of  Johns 
IIoi)kins  l^niversity  has  recently  coniph'ted  some  sludii's  on  tli  ■  significance  of 
the  Wa.ssermann  test  in  obstetrics,  which  throws  nuidi   light  on  this  highly  iin- 


*It  must  be  remembered  that  Ibe  designation  of  4+  is  arbitrary;  some  syphilitic  sera,  as  determined 
by  special  procedure,  arc  as  strongly  positive  as  ■lO-H.  A  persistent  4+,  therefore,  does  not  necessarily 
imply  that  the  antisyphilitic  treatment  is  having  no  effect  on  the  Wassermann  reaction.  A  syphilitic 
serum  may  be  .16+  before  treatment;  20+  after  the  first  course  and  6+  after  the  second  course  of  treat- 
ment, although  the  regular  laboratory  report  would  be  4+  in  each  of  these  examinations. 
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portaiit  problem.  For  the  past  several  years,  a  Wassermaim  reaction  was 
determined  in  every  pregnant  woman  who  registered  in  the  Dispensary  of  Johns 
Hopkins  Hospital,  and,  if  it  was  found  to  be  positive,  the  patient,  whenever 
possible,  was  subjected  to  aiitisyphilitie  treatment.  Of  421  women  who  gave 
positive  Wassermanu  reactions  on  admission,  157  did  not  receive  any  treatment 
(group  a)  ;  103  received  inefficient  treatment  (group  b)  ;  and  163  received 
satisfactory  treatment  (group  c).  The  result  of  treatment  is  shown  by  the  fact 
that  52  per  cent  of  children  of  group  a  were  born  dead  or  presented  some  clin- 
ical evidence  of  syphilis,  as  compared  with  37  per  cent  in  group  b  and  7  per  cent 
in  group  c.  To  quote  Professor  Williams,  "The  evidence  at  our  disposal  shows 
that,  if  syphilis  is  recognized  early  in  the  pregnant  woman  and  is  intensively 
and  appropriately  treated,  almost  ideal  results  may  be  obtained,  so  far  as  the 
child  is  concerned." 

It  occasionally  happens  that  a  woman  will  give  a  positive  Wassermann  re- 
action during  pregnancy ;  give  birth  to  a  syphilitic  child ;  and  in  some  weeks 
after  childbirth,  give  a  negative  Wassermann  reaction.  There  is  no  satisfactory 
explanation  for  this  phenomenon.  Neither  is  there  an  explanation  for  the  fact 
that  a  pregnant  woman  will  in  some  instances  give  a  negative  Wassermann  re- 
action, and  yet  give  birth  to  a  syphilitic  child. 

6.  A  Positive  Wassermann  in  ihe  Absence  of  Clinical  Evidence. — In  the 
early  history  of  the  Wassermann  test,  numerous  workers  reported  positive  re- 
actions in  many  conditions  other  than  syphilis.  In  carcinoma,  for  example,  as 
well  as  in  diabetes,  the  Wassermann  test  has  been  reported  positive  by  various 
workers.  These  reports,  we  believe,  were  due  to  the  fact  that  in  the  hands  of 
early  workers  the  technic  of  the  Wassermann  test  was  not  sufficiently  fine. 

One  still  occasionally  hears  that  a  positive  reaction  is  obtained  in  scarlet 
fever.  Recent  work,  however,  appears  to  disprove  this.  Kolmer,  for  example, 
tested  the  blood  of  250  cases  of  scarlet  fever  with  only  2  per  cent  of  positive 
results  and  in  this  small  number  syphilis  could  not  be  excluded.  As  pointed 
out  above,  one  of  the  important  nonsyphilitic  •  diseases  which  gives  a  positive 
Wassermann  reaction  is  frambesia  (yaws)  which  is  caused  by  an  organism  mor- 
phologicallj^  similar  to  the  Spirocheta  pallidum  (Spirocheta  pertenuis).  Positive 
reactions  have  also  been  reported  in  lepro.sy,  in  the  febrile  stage  of  malaria,  in 
relapsing  fever,  and  occasionally  in  pellagra.  When  these  conditions  are  elim- 
inated, a  4-plus  reaction  should  be  considered  a  symptom  of  syphilis  even  in  the 
absence  of  clinical  evidence. 

In  this  connection,  it  may  be  worth  while  to  give  the  mianimous  report  of 
the  Committee  on  Diagnosis  and  Treatment  of  Syphilis  of  the  All  American 
Conference  on  Venereal  Diseases  held  in  Washington  in  December,  1920,  under 
the  auspices  of  Dr.  C.  C.  Pierce,  Ass 't  Surgeon  General,  U.  S.  Public  Health 
Service.  (Members  present:  Drs.  Wm.  Edler,  H.  H.  Hazen,  Wm.  A.  Pusey, 
W.  Wende,  J.  S.  Salas  and  A.  B.  Vasconcelos.) 

Question:  To  what  extent  should  a  positive  Wassermann  be  relied  upon 
as  evidence  of  syphilis  in  the  absence  of  clinical  symptoms  and  signs? 

Answer:  That  a  frank,  reliable  Wassermann  shoiild  be  regarded  as  a  symp- 
tom of  syphilis. 


592  THE    JOIKXAL    OF    LABORATOHY    ANI)    n.lNRAL    MEDICIXE 

Caution:  (a)  In  the  abseiu-e  of  all  other  evidences  of  syphilis,  a  diasrnosis 
of  syphilis  upon  a  positive  "VVassermaim  reaction  alone  should  be  made  with 
great  caution. 

(b)  In  the  absence  of  all  other  evidences  of  sypliilis,  the  Wasserraann  result 
should  be  verified  bj'  several  repetitions  at  1lie  hands  of  different  observers,  if 
possible.  The  presence  of  other  conditions  wliicli  might  cause  a  positive  Was- 
sermann  should  be  excluded  as  far  as  possible. 

(c)  There  should  be  a  very  careful  search  for  other  evidences  of  .syphilis, 
including  clinical,  serologic,   pathologic,  and  other  examinations. 

Conclusion:  After  all  of  the  above  conditions  have  been  complied  with,  a 
positive  "NVasscrmann  should  be  assumed  to  be  evidence  of  the  existence  of  syph- 
ilis. 

Needless  to  say  that  weak-positive  reactions  should  be  fully  correlated  with 
the  clinical  signs  before  reaching  a  positive  diagnosis.  The  blood  of  normal  in- 
dividuals will  occasionally  give  a  one-plus  (+)  or  plus-minus  (±),  particularly 
with  a  cholesterinized  antigen.  These  weak  reactions,  in  the  absence  of  clinical 
symptoms  or  history,  could  undoubtedly  be  considered  negative. 

The  writer  desires  to  express  his  indebtedness  to  Prof.  Udo  J.  Wile  of  Ann 
Arbor  for  helpful  suggestions  in  the  preparation  of  this  paper.  Thanks  are 
also  due  to  Dr.  H.  S.  Bartholomew  of  Lansing  and  Drs.  C.  C.  Young  and  Wm.  J. 
V.  Deacon  of  the  Michigan  Health  ])ei)artment  for  their  kindly  criticism  of  parts 
of  ihis  paper. 
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TWO  STAINS  USED  IN  PREFERENCE  TO  WRIGHT'S  STAIN  IN  THE 
ROUTINE  STAINING  OF  BLOOD  SMEARS 


By  Garnet  B.  Grant,  B.S.,  M.D.,  and  Eric  E.  Wilson,  M.A.,  Los  Angeles,  Cal. 

WE  liave  found  that  the  following  stains  used  in  the  routine  staining  of 
blood  smears  for  differential  counts  are  much  more  satisfactory  than 
Wright's,  Jenner's,  or  any  of  the  other  more  common  stains.  Moreover  the 
smear  does  not  require  preliminary  fixation. 

Solution  1.  Sat.  sol.  eosin  in  methyl  alcohol 

Solution  2.  Mallory's  instantaneous  hematoxylin 
Technic. — Smear  should  be  even  and  not  too  heavy. 
Dry  in  air  or  pass  through  flame. 

Stain  with  solution  Sat.  sol.  methyl  eosin,   (sol.  No.  1)   2  to  2i  minutes. 
Wash  in  distilled  water. 

Stain  with  sol.  No.  2  hematoxylin  3  to  4  minutes. 
Wash  iu  distilled  water,  blot  and  dry. 

This  stain  will  be  found  entirely  satisfactory  for  differential  counts,  but  is 
unsatisfactory  for  staining  malarial  parasites,  and  on  this  account  have  adopted 
the  use  of  the  following  stain  as  a  routine  on  all  smears  suspected  of  malaria. 

Solution  1.  Sat.  sol.  eosin  in  methyl  alcohol 

Solution  2.  0.25%  aqueous  sol.  azure  11 
Technic. — Smear  should  be  even  and  not  too  heavy. 
Dry  in  air  or  pass  through  flame. 

Stain  with  solution  No.  1,  2  to  2 J  minutes,      (methyl  eosin.) 
Wash  in  distilled  water. 

Stain  with  sol.  Xo.  2  (Aqueous  Azure  11)  20  to  40  seconds 
Wash  iu  distilled  water — blot — dry. 

While  this  latter  makes  a  most  beautiful  stain  and  is  well  adapted  for  all 
routine  woi-k  including  the  staining  of  the  malarial  parasites,  in  uu.skilled  hands 
there  will  be  found  a  tendency  to  overstain  with  the  second  solution  (Azure  11). 
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EDITORIALS 


Diseases  of  Aninuils  Commimicable  to  Man 

HO[U)AY'  ^i'ivcs  the  followiiiji'  list  of  diseases  among  animals  in  Great 
lii-irain  wliicli  -.ivv  coninmiiicaljlc  lo  man:  Glanders,  anthrax,  tuberculosis, 
rabies,  foot  and  inoutli  disease,  maiifie  of  all  animals  (horse,  o.\,  camel,  dog, 
and  cat),  certain  tdiiiis  of  seborrhea,  and  pyorrhea.  Hobday  says  that  pyorrhea 
is  very  prevalent  in  pet  dojrs  ami  he  thinks  it  highly  possible  that  it  may  be 
transmitted  from  doiis  to  men  or  in  reviTse  order.  Of  course,  certain  para- 
sitic diseases  in  Mildition  to  tiiose  above  mentioned,  such  as  echinococcus, 
tienia,  and  trichina,  are  also  transmissible  from  the  lower  animals  to  man;  in 
fact,  residence  in  the  two  hosts  is  necessary  in  order  to  complete  the  life  cycle 
of  these  parasites. 

Through  the  aid  of  the  niallcin  trsi  and  tlie  destriietioii  of  glandered  ani- 
mals, v'landei's  ill  (',Vi-,i\  lirilaiii  has  decreased  almost  to  the  vani.shing  point. 
Ill  mill.  ■_'.:i7l)  horses  were  destroyed  on  aeeoiuit  of  ohiiuleis  ill  (ireat  P.ritain, 
and  1.S2.S  of  these  were  foiiiul  in  London.  The  veterinary  department  of  the 
.Ministry  of  Agrieiill  lire  shows  that  during  the  year  1!I-J()  only  lifteeii  out- 
breaks of  this  di.sease  occurreil  in  the  whole  uf  the  British  Isles,  with  a  total 
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destruction  of  oiily  twenty-two  laiimals,  and  it  is  well  to  remember  that 
these  occurred  after  the  sale  and  distribution  of  more  than  150,000  armj-  horses 
and  mules  gathered  together  from  various  countries  and  emploj-ed  in  the  war. 
Twenty  years  ago  it  was  a  daily  occurrence  for  a  vetei-iuarian  to  be  called  to 
one  of  the  municipal  stables  in  London  to  inspect  the  horses  and  within  one 
year  in  one  stable  of  2,000  horses  ninety  glandered  ones  were  found.  At  the 
present  time  the  use  of  mallein  and  its  repeated  use  is  compulsory.  When 
an  outbreak  of  this  disease  is  reported  in  any  stable  every  animal  in  the  stable 
is  quarantined  and  tested.  All  ponies  sent  into  the  mines  and  all  horses  and 
mules  used  for  special  purposes  are  given  the  malleiii  test.  During  the  war  spe- 
cial caution  was  taken  to  isolate  and  test  all  purchased  animals.  All  units  were 
malleined  at  regular  intervals  and  each  individual  animal  was  tested  before 
being  sold,  even  though  its  destination  was  the  slaughter-house  and  its  flesh 
was  to  be  served  as  food  for  man.  Hobday  states  that  in  the  whole  allied  forces 
there  was  no  army  whose  animals  were  so  free  from  glanders  as  the  British. 
It  seems  quite  certain  that  glanders  will  soon  be  unknown  in  the  British  Isles. 

Dviring  the  year  1919,  180  outbreaks  of  infection  with  anthrax  occurred 
in  England  and  Scotland.  It  seems  that  Wales  was  absolutely  free  from  this 
disease  and  had  been  for  three  years  previously.  In  all,  275  cattle,  eight 
horses,  one  sheep,  thirty-eight  pigs,  one  dog,  and  seven  ferrets,  were  affected. 
Twenty-five  per  cent  of  the  outbreaks  occurred  on  premises  where  anthrax  had 
been  in  evidence  during  the  previous  j'ear.  The  veterinarj-  minister  states 
that  the  number  of  cases  of  anthrax  in  animals  has  been  reduced  from 
about  1,000  in  1910  to  less  than  .300  in  1919.  The  sources  of  infection 
from  anthrax  in  Great  Britain  are:  (Effluents  from  tanneries  passing 
into  streams.  (2)  Feeding  infected  offal  to  pigs.  (3)  Use  of  imported 
foodstuffs  and  artificial  manures.  (4)  Contaminated  sewage.  (5)  Infected 
brushes  and  furs. 

For  twenty  years  before  the  War,  there  had  been  no  rabies  in  England. 
This  was  due  to  the  close  svipervision  and  quarantining  of  dogs  imported  into 
that  country.  The  first  case  was  brought  into  Plymouth  during  the  month  of 
May,  1918,  and  during  1919  there  were  143  cases  of  rabies  in  England  among 
animals,  140  in  dogs,  two  in  horses,  and  one  in  a  pig. 

Great  Britain  was  free  from  foot  and  mouth  disease  from  1895  to  1899 
and  again  from  1903  to  1908.  During  1920  there  was  an  outbreak  of  obscure 
origin.  When  we  remember  what  great  destruction  foot  and  mouth  disease 
has  caused  in  other  countries,  we  can  understand  the  desirability  of  excluding 
it.  In  1919,  northern  Italy  was  visited  by  a  very  virulent  form  of  this  dis- 
ease and  many  of  the  farmers  were  ruined  in  consequence  of  it. 

There  are  three  varieties  of  parasites  that  cause  mange  in  domestic  ani- 
mals, and  this  disease  is  widely  distributed.  In  the  horse,  or  rather  on  the 
horse,  the  three  varieties  embrace  a  sarcopt,  a  psoropt,  and  a  symbiot,  but  the 
chief  trouble  is  due  to  the  two  first  mentioned  and  they  are  transferred  to 
man,  especially  to  individuals  engaged  in  feeding  and  grooming  horses. 
Mange  as  transferred  from  horse  to  man  most  frequently  infects  the  surface 
of  the  forearm  and  the  hands.  Man  may  become  infected  by  riding  mangy 
horses.    During  the  war  this  infection  frequently  occurred,  and  in  these  eases 
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the  disease  was  in  evideiiee  ou  the  inside  ol'  tlie  legs  and  in  tlie  jjubie  region. 
Persons  engaged  in  skinning  mangy  horses  are  likely  to  be  infected.  Sareoptic 
mange  is  not  easily  got  rid  of  on  horses  and  requires  a  treatment  which  may 
extend  through  several  months.  The  psoroptie  variety  is  much  more  amena- 
ble to  treatment.  In  Great  Britain  mange  is  a  notifiable  di.sease.  Sul- 
phur in  some  form  or  another  forms  the  basis  of  most  treatments.  Hobday 
says  tliat  mange  in  the  dog  and  eat  is  transmissible  to  man,  and  Whitfield  has 
recently  reported  seventeen  cases  in  which  he  confirmed  the  existence  of  the 
sareoptic  parasite  in  man  and  traced  it  to  the  dog.  Owners  of  mangy  dogs 
often  complain  of  an  irritable  skin,  usually  on  the  inside  of  the  forearm  where 
the  dog  rests  its  head  while  being  petted.  The  warm  flesh  of  the  man  causes 
the  parasite  to  leave  its  canine  host  and  take  up  its  residence  on  human  tissue 
where  it  is  capable  of  producing  marked  irritation.  In  one  of  the  seventeen 
cases  reported  by  Whitfield  the  infected  region  was  on  the  neck  and  chest 
where  the  owner  was  in  the  habit  of  allowing  his  pet  dog  to  lie.  Tlie  lesions 
are  described  by  Whitfield  as  small  vesicles  surrounded  by  narrow  zones  of 
hyperemia,  A'ery  like  that  of  varicella,  but  only  about  one-eighth  the  size. 
These  lesions  are  scattered  discretely  over  the  surface  and  are  not  in  groups. 
If  left  untreated  this  parasite  may  live  on  man  for  about  six  weeks,  but  under 
proper  sulphur  treatment  it  is  easily  got  rid  of.  Mangy  eats,  especially  male 
animals,  wander  widely  and  spread  their  parasites  freely. 

In  the  country  calves,  and  in  the  city  cats,  are  chiefly  instrumental  in  the 
distribution  of  ringworm.  This  infection  is  often  quite  resistant  to  treatment. 
Hobday  complains  because  there  is  no  adequate  meat  inspection  in  England, 
and  consequently  measly  meat  is  frequently  marketed.  Fortunately,  the 
Englishman  is  not  given  to  eating  raw  meat  and  parasites  of  this  nature  are 
generallv  killi'd  in  the  process  of  cooking. 

_T^  C.  V. 
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AN  ACCURATE   METHOD   FOR  THE  CLINICAL  DETERMINATION  OF 
EARLY  ARTERIAL  DISEASE* 


By  Harlow  Brooks,  M.D.,  Xew  York  City 


THE  diagnosis  of  arterial  disease  must  be  made  early  if  it  is  to  be  utilized 
to  any  definite  practical  end  iu  clinical  cases.  By  the  older  methods,  early 
diagnosis  is  rarely  or  never  possible  except  largely  on  supposition  or  on  his- 
torical grounds.  As  a  result  very  little  curative  effect  is  accomplished  iu 
cases  of  arteriosclerosis  except  in  early  specific  cases  in  which,  as  a  rule,  the 
diagnosis  of  arterial  disease  is  based  upon  the  law  of  probability,  rather  than 
on  actual  detection  of  changes  in  the  blood  vessels. 

Thus  far  early  arterial  disease  has  been  detected  chiefly  by  an  ophthalmo- 
scopic study  of  the  retinal  arterioles.  This  has  indeed  proved  most  valuable, 
but  its  successful  employment  presupposes  a  considerable  technical  skill  with 
the  ophthalmoscope  and  a  very  wide  experience  is  necessary  for  accuracy.  The 
method  at  its  best  is  hardly  applicable  for  routine  use  iu  the  hands  of  the 
average  clinician  and  yet  the  data  which  its  utilization  furnishes  is  material 
of  the  most  elemeutal  importance  in  the  subsequent  treatment  of  any  case. 

If  real  results  are  to  be  expected  in  the  management  of  this  tj^pe  of  dis- 
ease, it  must  be  instituted  very  early  and  as  a  rule,  this  is  not  possible  or  prob- 
able iinder  iisual  diagnostic  routine,  or  until  such  time  as  irradicable  lesions 
have  been  inflicted. 

It  is  generally  supposed  that  the  retinal  arteries  are  among  the  very  first 
to  show  indications  of  developing  arterial  disease  and  this  is  in  all  probability 
a  correct  statement,  but  we  must  recall  that  in  very  many  cases,  especially  in 
arteriosclerosis,  lesions  are  not  always  diffuse  or  universal,  but  are  more  or 
less  limited  to  or  more  pronounced  in  certain  systems  or  distributions.     Even 
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if  tliis  assumption  be  accepted,  it  still  i-(>inaiiis  tliat  tlie  retinal  vessels  correctly 
typify  those  of  the  most  priniiii\rly  iiiipoi'taiit  cputers,  that;  is,  those  of  the 
cerebrospinal  axis. 

The  method  to  which  1  wish  \i>  call  your  attcntiou  was  ori<iinally  demon- 
strated to  me  by  Dr.  David  Dennis  of  Erie,  Pennsylvania,  who  already  has 
made  several  contributions  to  medical  literature  concerning  the  method,  chiefly 
in  (iphllialinoliiij'ic  journals. 

ll  is  based  on  the  fact  that  the  conjunctival  arterioles  and  other  blood 
vessels  show  changes  quite  consonant  with  those  present  in  the  retinae.  That 
this  is  a  justifiable  assumption  is  borne  out  by  the  fact  that  the  conjunctival 
ai'terioles  originate  from  the  anterioi-  and  lony  ciliary  branches  of  the  ophthal- 
mic artery  and  to  a  lesser  extent  fnini  the  external  and  internal  palpebral 
branches.  They  thus  represent  in  a  very  typical  way  the  circulatoi'y  paths 
within  the  brain,  quite  as  much  so  at  least  as  the  retinal  arteries  -which  spring 
from  t  he  same  trunk. 

Study  of  the  vessels  is  accomplished  li>  tlic  usi'  of  two  very  simple  and 
easily  manipulated  instruments,  which  are  usually  in  the  ])ocket  of  the  average 
practitioner.  The  ordinary  pocket  electric  flash  light  of  which  the  most  con- 
venient for  this  piirpose  is  the  "fountain  pen"  type  is  used  for  illumination. 
The  patient  is  dii'eeted  to  turn  his  eyes  to  either  the  one  side  or  the  other,  and 
the  light  held  at  a  di.stanee  of  about  three  to  fonr  cm.  is  directed  obliquely  outo 
the  ocular  conjunctiva.  Study  of  the  vessels  is  then  made  through  an  ordinary 
ophthalmologist's  loupe,  which  is  the  most  adaptable  to  the  purpose,  though 
other  lenses  are  also  fairly  satisfactory.  The  loupe  is  held  at  the  pro|)er  focal 
distance  and  for  most  satisfactory  study  the  eye  of  the  observer  is  brought 
elo.se  to  the  lens,  just  as  in  the  use  of  the  microscope.  The  vessels  under  study 
in  the  various  levels  of  the  nuMiibrane  are  brought  sharply  into  focus  by  moving 
the  lens  to  and  fro  and  for  the  purpose  of  steadying  it  the  fingers  of  the  lens 
hand  may  be  rested  on  the  orbital  arch  of  the  patient.  The  study  may  be  made 
ill  the  diffuse  light  of  the  examining  rooms  or  r\ ni  more  satisfactorily  in  the 
dark  room.  When  my  flash  light  has  been  too  weak  1  luiv.'  secured  my  lighting  by 
the  use  of  the  ordinary  head  mirror  ;iii<l  the  usual  (■Nainiiiiiii;-  lamp,  such  as  one 
uses  in  the  examination  of  the  nose  ami  throat,  .\  shar|ily  condensing  light, 
such  as  is  employed  in  the  illuiniiiation  of  the  sinuses  and  so  on.  is  of  course 
very  desirable,  but  the  ordinary  small,  electric  flash  is  all  that  is  needed. 

One  is  thus  able  to  study  in  a  most  satisfactoiy  way  the  larger  branches 
of  the  ciliaries  and  iialpebrals,  llie  liny  arborizing  arterioles  anil  even  the 
capillarv-  circulation  in  tl cular  conjunctivae  as  well  as  ihe  ri'turii  circula- 
tion ill  the  \ciiules  and  the  larger  ciliary  and  pal])ebral  branches  of  the 
ophthalmic.  These  vessels  are  displaxed.  as  it  were.  lie;iiil  i  fullv'  sjiread  out  on 
an  ideal  pearl\'  white  bai-ki;roiiml  which  forms  a  most  pleasing  contrast  to 
the  yellow  ri'il  of  the  arterioh's  and  ihe  deeper  carmine  color  of  the  venules. 
The  arrangement  for  study  is  as  delinite  and  satisfactory  as  is  jiossible  in  a 
well-slained  and  leehiiically  perlVi-t  niieroscopic  slide,  and  by  .slight  variations 
in  focus  a  vessel  may  be  rolloweil  thrtuighout  its  entire  arborization.  The 
liethod  is  much   nmre  satisfaetory   than   the   study   of  the  retinal   circulation 
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because  of  the  sharp  contrast  of  the  white  backgrouud  as  compared  to  the 
pinkish  tinge  of  the  retina  and  it  is  iimch  more  representative  of  the  internal 
cerebral  circulatory  condition  than  the  tiny  retinal  artery  since  we  have  here 
represented  for  our  study  four  systems  of  arteries  all  derived  from  the  same 
branch  of  the  internal  carotid,  namely  from  the  ophthalmic.  A  further  great 
advantage  over  the  study  of  the  retinal  artery  is  represented  in  that  we  are  here 
able  to  observe  in  the  conjunctival  circulation  the  effects  of  arterial  disease  on 
the  adjacent  tissue.  This  is  particxilarh-  fascinating  in  cases  of  arteriocapillary 
fibrosis,  in  calcifications,  fatty  degenerations  and  in  instances  of  hyper- 
tension of  marked  degree.  A  disadvantage  of  the  method  lies  in  the  fact  that 
in  cases  in  which  disease  of  the  conjunctiva  is  present,  local  vascular  lesions 
are  found,  particularly  in  conjunctivitis  and  in  the  membrane  of  patients  who 
have  been  exposed  to  the  traumatism  of  wind,  intense  light,  and  of  irritating 
chemicals  and  gases. 

The  studies  of  Dr.  Dennis  of  Erie  and  of  Dr.  Reese  of  New  York  have 
shown  quite  finally  that  these  changes  in  the  conjuctival  vessels  are  entirely 
comparable  in  anj-  given  instance  with  the  alterations  manifest  in  the  retinal 
arteries ;  this  I  have  also  corroborated  within  the  past  tour  years  that  I  have 
been  using  the  method  as  a  routine,  insofar  as  my  skill  with  the  ophthalmo- 
scope may  be  trusted. 

The  great  advantage  to  the  clinician  in  the  method  is  that  a  highly  suffi- 
cient technical  .skill  may  be  acquired  with  a  few  days'  practice.  It  demands 
no  special  instruments  and  less  time  is  required  for  the  intimate  study  of  the 
minute  circulatory  changes  in  the  cerebral  vessels  than  is  necessary  for  a  reason- 
ably careful  palpation  of  the  radial,  brachial  or  temporal  arteries.  There  is  no 
longer  any  excuse  for  mere  speculation  as  to  the  condition  of  the  blood  vessels 
of  the  brain,  from  30  to  120  seconds  of  time  is  sufficient  to  give  one  a  very  sat- 
isfactory and  entirely  accurate  knowledge  of  such  changes,  if  present. 

I  have  found  the  study  most  helpful  and  of  tremendous  advantage  in  the 
detection  of  the  earlier  changes  present  as  in  syphilis  and  arteritis  from  any 
cause.  I  have  become  particularly  interested  in  the  study  of  the  terminal  ar- 
teriole changes  of  hypertension. 

One  of  the  pitfalls  into  which  you  will  sooner  or  later  fall  if  you  follow 
this  method  is  the  employment  of  the  corneal  microscope,  by  means  of  which 
the  most  intimate  study  may  be  made,  not  only  of  the  microscopic  changes  in 
the  walls  of  the  ai-terioles,  capillaries  and  venules,  but  also  the  physiologic  and 
pathologic  variations  in  the  circulating  stream  can  be  made  out  with  greater 
lucidity  than  is  possible  in  the  web  of  the  frog's  foot  under  low  powers  of  the 
microscope.  This  requires,  and  I  can  abundantly  testify,  very  considerable 
degree  of  technical  skill,  costly  and  delicate  instruments  and  most  expensive 
of  all,  a  very  large  amount  of  time  and  patience.  This  means  a  study  of  the 
conjunctival  circulation,  however,  is  indispensable  to  cheek  up  as  it  were,  the 
gross  pathology  observable  with  the  hand  lens.  However,  the  short  distance 
which  I  have  already  traveled  into  the  art  shows  me  that  it  offers  a  most  valu- 
able method  for  the  microscopic  study  of  the  circulatory  conditions  of  the 
brain.    This  is  transferable  by  inference  to  the  other  parts  of  the  body  in  gen- 
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oral  arterial  disease.  It  is  a  study  which  hicls  fair  to  be  of  even  greater  value 
to  the  internist  than  to  the  ophthalmologist. 

The  most  signal  benefit  conferred  by  the  methods  presented  is,  of  course, 
the  ready  detection  of  the  very  early  changes  in  the  arterioles,  Avhieh  may  lead 
on  to  generalized  arterial  lesion  that  plays  so  impoi-tant  a  role  in  the  evolution 
of  many  internal  diseases.  By  these  studies  one  may  detect  sufficiently  early 
changes  in  the  arterial  system  to  permit  him  to  inaugurate  modifications  in 
habits  of  life,  exercise,  diet,  etc.,  also  to  render  possible,  in  association  with 
proper  medication,  the  introduction  of  a  treatment  sufficiently  early  so  that 
real  preventive  measures  are  attainable  in  many  cases. 

I  have  used  the  study  of  the  conjunctival  vessels  as  a  routine  in  my 
physical  examination  of  office  cases  and  to  a  considerable  degree  also  on  my 
hospital  services  now  for  about  three  years.  I  have  been  able  to  satisfy  myself 
that  the  conjunctival  vessels  very  satisfactorily  represent  the  existence  and 
type  of  a  general  arteriosclerosis  as  contirmed  finally  by  the  usual  methods  of 
study. 

Changes  detectable  in  the  conjunctival  vessels  admit  of  practically  the 
same  classification  which  we  recognize  pathologically  in  our  study  of  anatom- 
ical material  and  a  little  technical  experience  readily  permits  tlie  early  recog- 
nition of  these  changes  as  it  were  "in  vivo." 

I  wish  to  present  here  very  briefly  a  study  which  I  have  made  of  the  con- 
junctival vessels  in  eases  of  hypertension.  One  of  the  most  striking  changes 
which  the  observer  notes  in  cases  of  hypertension  is  the  elevation  of  the  more 
superficial  vessels  above  the  surface  of  the  conjunctiva,  so  that  when  the 
light  is  directed  diagonally  on  the  surface  of  the  conjunctiva  a  reticular  frame- 
work made  up  of  the  tense  blood  vessels  is  shown.  The  arterioles  show  in 
early  phases  also  a  clear  sharp  line  of  demarcation,  sharply  differentiated  off 
from  the  surrounding  tissues  as  though  overtensely  filled.  This  is  manifest 
even  when  there  are  extensive  degenerative,  infiltratory  or  inflammatory  al- 
terations in  the  surrounding  tissues. 

Many  of  the  more  superficial  vessels  are  thrown  into  niunenius  convo- 
lutions as  is  seen  grossly  in  the  contorted  arteries  and  the  calcifications  of  old 
age.  It  must  be  noted,  however,  that  the  venules  of  the  conjunctivje  are  often 
markedly  conxulnti'd  and  that  this  is  apparently  a  normal  condition  in  cer- 
tain persons,  for  1  have  observed  its  freiiuent  presence  in  the  conjunctival 
veins  of  infants  and  youths  entirely  independent  of  any  appai-ciit  circulatory 
disease.  This  is  not,  however,  true  of  the  arteries  in  whicli  convnlutions  ap- 
parently bcsjicak  only  a  disease  jiroccss  assoc-iatrd  witli  arteriiiscirrnl  ic  clnnigcs 
or  with  hy|)ei-tension. 

WluMi  a  pcriiid  nf  liypciMrnsion  of  long  standing  has  been  succeeded  by 
a  hypiilcnsion  as  fnmi  a  circulaloi-y  decompensation,  this  elevation  and  con- 
tortion of  llic  aricfiolcs  is  si  ill  preserved  and  may  serve  as  a  siun  appai'cntly 
that   a  hypertensive  condition  has  jireexisted. 

Another  very  fre(|uent,  but  l)y  no  means  constant  finding  in  the  conjunc- 
tival vessels  in  hy])ertensive  cases  is  tlie  existence  of  nodes  of  lunuMi  contrac- 
tion so  that   tlinnjrh  the  vessel  walls  arc  i-cprcscnicd  by  a   rclati\'cly  lu-oad  ycl- 


DETERMIXATIOX    OF    EARLY    ARTERIAL   DISEASE  601 

lowish  or  whitish  streak,  but  a  mere  trickle  of  golden  red  represents  the 
contracted  lumen,  at  the  proximal  end  of  which  a  minute  dilatation  of  caliber 
is  demonstrable.  This  is  particularly  evident  in  very  long  standing  cases  and 
it  apparently  represents  an  arteritis  or  arteriofibrosis  with  obliteration  of  the 
lumen.  The  extreme  stage  of  this  alteration  is  represented  by  complete  ob- 
literation so  that  vessels  are  represented  merely  by  yellowish  or  grayish  cord- 
like  structures.  "Where  many  of  these  oblitei-ated  vessels  are  present  in  the 
conjunctiva,  the  whole  membrane  is  given  a  grayish  or  yellowish  white  color 
so  that  an  appearance  of  extreme  anemia  may  be  presented  Avhile  the  blood 
picture  shows  a  normal  condition  of  affairs  quite  surprising  to  the  clinician 
who  is  accustomed  to  judge  as  to  the  degree  of  anemia  from  the  color  im- 
parted by  the  conjunctival  vessels.  This  statement  comprehends  the  palpe- 
bral as  well  as  the  ocular  conjunctiva. 

The  first  two  signs  of  hypertension  appear  relatively  early  in  eases  of 
hypertension,  the  latter  only  in  the  long  standing  cases. 

Tiny  aneurysmal  dilatations  of  the  conjunctival  arterioles  are  not  com- 
monly seen  in  hypertensive  cases.  They  are,  as  Dennis  has  stated  to  be  the 
case,  most  common  in  instances  of  true  arteritis  where  local  changes  in  or 
about  the  arterioles  predominate  but,  of  course,  they  may  on  theoretical 
grounds  be  expected  in  those  cases  where  an  arteriocapillary  fibrosis  is  the 
cause  of  the  hypertension. 


VENTILATION,  WEATHER,  AND  THE  COMMON  COLD* 

A   Study   op   the   Prevalence   op   Respiratory   Affectioxs   Among    School 

Children  and  Their  Association  waTH  School  Ventilation 

AND  THE  Seasonal  Changes  in  Weather 


By  George  T.  Palmer,  ]\LS.,  Epidemiologist 
Detroit  Department  op  Health 


introductory 


DURING  the  last  twenty  years  tliere  has  been  a  great  amount  of  experimental 
work  on  ventilation  and  its  eflfect  on  the  body.  Workers  in  Europe  and 
the  United  States  are  in  substantial  agreement  that  it  is  the  thermal  factors — 
temperature,  air  motion  and  humidity — which  exercise  the  greatest  influence 
on  human  comfort,  health  and  efficiency.  The  chemical  compo.sition  of  the 
air  we  ordinarily  breathe — leaving  out  of  consideration  for  the  moment  those 
special  industrial  problems  involving  gases,  fumes  and  dusts — is  of  relatively 
little  moment  in  its  effect  on  human  conduct.  School  children  are  far  better 
off  in  a  cool,  airy  room,  regardless  of  the  carbon  dioxide  content  of  the  air, 
than  they  are  in  air  virgin  pure  chemically  W'hich  is  overheated. 

It  is  most  important  that  the  facts  as  we  have  stated  them  should  he 
clearly  understood,  for  otherwise,  there  is  bound  to  arise,  as  there  has  in 
the  i)ast,  a  misunderstanding  as  to  the  suitability  of  different  methods  of 
ventilating    school   buildings. 

If  variable,  as  opposed  to  uniform,  temperature,  air  motion  and  humidity 
are  desirable  factors,  then  very  satisfactory  conditions  can  be  maintained  in 
school  rooms  by  ventilating  with  the  windows,  protected  liy  deflectors,  and 
an  exhaust  duct  on  the  opposite  side  of  the  room,  heat  in;;-  Ix'iiig  by  direct 
radiation  beneath  the  windows.  This  method  of  ventilating  will  not  always 
give  good  aeration.  At  times  the  room  will  be  amply  flushed  with  outside 
air.  At  other  times,  due  to  shifting  winds,  the  circulation  will  be  lessened, 
the  room  will  not  1m>  tlioi-oughly  flushed,  and  the  carhon  dioxide  content 
will  rise,  indicating  an  accumulation  of  the  products  of  exiialation  and  body 
vaporization.  Even  though  the  aeration  of  the  room  fluctuates,  it  is  possible 
to  have  coolness  at  all  times  and  variability,  aiul  if  the  room  is  cool  and 


•This  is  an  aljridgetl  form  of  a  tlisscrlation  presented  in  partial  fullillmcnt  of  tlic  retiuircuicnts  for 
tlic  dcRree  of  Doctor  of  Public  Ilcaltli  at  the  University  of  Michigan,   1920. 

This  study  was  conducted  jointly  by  the  Dureau  of  Child  Hygiene  of  the  New  York  City  Depart- 
ment of  Health,  represented  by  Dr.  S.  Josephine  Baker,  Chief  of  the  Unreau,  and  the  New  York  State 
Commission  on  Ventilation,  represented  by  the  author,  who  then  held  the  position  of  chief  of  the  in- 
vcsligatinK  staff.  The  collection  of  sickness  records  and  the  taking  of  leni|ieralurc  and  other  observations 
on  air  cnnditions  was  done  by  nnr.scs  and  physicians  of  the  Ilealtb  Department  under  the  supervision  of 
Drs.  U  Marcus  and  R.  H.  Willis.  The  routine  clerical  work  of  tabulation  was  likewise  conducted  by  the 
Health  Department  under  the  immediate  direction  of  Dr.  Franklin  Van  Wart.  The  planning. of  the 
investigation,  selection  of  schools,  initial  instruction  of  the  field  staff  and  the  tinal  analysis  and  inten^fcta- 
tion  of  results  is  largely  the  work  of  the  author. 
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variable  within  eertaiu  limits  it  makes  little  praetieal  dift'erenoe  as  to  the 
humidity. 

On  the  other  hand,  if  the  experimental  data  of  the  last  two  decades  are 
wrong  in  minimizing  the  relative  value  of  chemical  purity  of  the  atmosphere, 
then  window  ventilation  as  we  have  described  it  is  inadequate,  and  it  will  be 
necessary  to  insure  at  all  times  voluminous  and  continuous  flushing  of  the 
room  with  outside  air.  This  can  be  done  only  by  mechanical  means,  that  is 
by  plemim  fans  or  blowers. 

There  has  existed  for  some  time  a  controversy  as  to  the  relative  merits  of 
natural  and  mechanical  ventilation.  An  inheritance  from  the  days  of  Pet- 
tenkofer,  when  chemical  purity  was  regarded  as  vital,  has  kept  alive  the 
carbon  dioxide  content  as  the  standard  of  ventilation  goodness.  This 
standard  persists  to  this  day.  Measured  in  these  terms  the  Avindow  venti- 
lated room  falls  into  disrepute.  A  carbon  dioxide  standard  of  6  to  10  parts 
per  10,000  automatically  throws  any  form  of  window  ventilation  into  the  dis- 
card. It  is  only  by  mechanical  )neans  that  this  degree  of  chemical  purity 
can  be  at  all  times  assured. 

"With  the  development  of  mechanical  ventilation  there  has  grown  up  an 
impression  that  uniformity  in  temperature,  in  air  motion  and  in  humidity  is 
ideal,  and  again  the  mechanically  forced  ventilation  far  excells  the  gravity 
method  in  this  respect.  Furthermore  the  dust  in  outside  air  can  be  removed 
readily  under  the  mechanical  system  by  the  introduction  of  air  washers.  This 
is  not  possible  with  window  ventilation. 

There  is  much  then  that  can  be  accomplished  with  the  plenum  system  that 
is  not  possible  under  the  window  method.  The  question  arises  as  to  whether 
the  superiority  of  the  mechanical  system  is  superficial,  a  matter  of  a  relatively 
unimportant  refinement  so  far  as  the  school  classroom  is  concerned.  The 
drawbacks  to  the  mechanically  ventilated  classroom  are  its  tendency  to  over- 
heating, its  unstimulating  uniformity  and  its  greater   expense. 

There  is  much  to  be  said  on  both  sides.  The  advocates  of  window  ventila- 
tion are  impressed  by  its  success  with  tuberculously  inclined  and  undernour- 
ished children.  It  has  a  wide  application  in  our  public  schools  at  the  present 
time.  If  good  for  sick  children,  why  not  for  well  children?  Is  window  ven- 
tilation in  the  schoolroom  to  be  ruled  out  of  consideration  merely  because  it 
fails  to  live  up  to  the  carbon  dioxide  standard?  It  was  for  the  purpose  of 
testing  out  these  principles  on  a  practical  scale  that  the  present  experiment 
was  imdertaken.  After  all,  the  proof  of  the  pudding  is  in  the  eating.  If 
the  health  of  school  children,  as  measured  by  the  amount  of  respiratory  illness, 
such  as  colds,  tonsillitis,  etc..  is  better  under  the  more  elaborate  systems 
of  mechanical  ventilation,  then  let  us  proceed  to  equip  our  buildings  in  this 
manner.  If,  on  the  other  hand,  the  mechanical  ventilating  equipment  does  not 
supply  substantial  benefits  to  the  health,  comfort  or  efficiency  of  our  school 
child  population,  or  is  actually  inferior  in  the  things  tliat  count  for  health,  let 
us  face  the  matter  squarely. 

There  are  innumerable  demands  for  public  funds.  If  we  are  paying  out 
vast  sums  of  monej-  for  benefits  which  are  not  real  but  imaginary,  recognition 
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of  tliis  fact  cannot  come  too  soon.  If  window  ventilation  provides  the  im- 
])ortant  essentials  of  a  healthy  atmosphere  in  a  way  that  cannot  be  attained 
or  improved  upon  by  mechanical  systems  of  indirect  ventilation,  then  our 
school  buildings  should  be  built  accordingly,  and  we  should  not  hesitate  because 
a  worn  out  staudard  of  ventilation  dictates  otherwise. 

During  the  latter  part  of  1916,  from  February  14th  to  April  6th  (8  weeks), 
and  the  -winter  of  1916-17,  from  October  30  to  January  26  (12  weeks),  observa- 
tions were  made  on  the  health  of  5500  New  York  City  school  children  who 
were  exposed  to  various  types  of  ventilation  in  12  different  school  buildings. 
In  general  these  ventilation  systems  may  be  classified  under  three  main 
headings,  as  follows: 

A — Cold,  open  window  rooms,  gravity  exhaust. 

B — Cool,   window   ventilated   rooms,   gravity   exhaust. 

C — Plenum,  fan  ventilated  rooms  with  gravity  exhaust  and  with  windows 
closed. 

As  an  index  of  health,  the  sickness  records  of  the  pupils  Avere  used.  The 
condition  of  the  air  was  determined  by  readings  of  temperature  and  humidity 
and  by  the  personal  .sensations  of  the  observers  as  to  temperature,  moisture,  air 
motion  and  odor.  It  would  have  been  desirable  to  determine  also  the  carbon 
dioxide  content  of  the  air,  but  this  involved  analytical  work  which  the  staflf 
was  unable  to  do.  The  absence  of  these  latter  data  was  not  serious,  however, 
for  the  Ventilation  Commission  had  available  a  mass  of  data  on  this  subject 
collected  over  two  years'  time,  and  it  was  well  established  that  the  carbon 
dioxide  content  of  fan  ventilated  rooms  averages  several  parts  lower  than  in 
window  ventilated  rooms. 

For  the  convenience  of  the  reader  we  shall  reserve  the  description  of  work- 
ing methods  and  ventilation  types  in  individual  schools  for  the  later  pages 
and  shall  proceed  with  an  account  of  the  findings  of  this  study. 

RESULTS  OP   SICKNESS   SURVEY    IN    DIFFERENT   TYPES   OP   VENTILATED   SCHOOL  ROOMS 

The  first  half  of  the  study  in  the  spring  of  1916  covered  2500  pupils  in 
58  classrooms  distributed  among  8  schools.  The  second  half  in  the  winter  of 
1916-17  was  represented  by  3000  pupils  in  76  classrooms  in  12  schools. 

In  both  studies  the  absences  due  to  respiratoiy  illness  and  the  respiratory 
illness  among  pupils  present  in  school  was  greatest  in  the  fan  ventilated  rooms. 
Type  C.  This  is  the  result  after  combining  all  records  and  disregarding  in 
this  instance  the  balancing  of  the  type  of  i)upil.  location  of  sehool.  etc.,  which 
will  be  treated  more  at  length  later  on. 

The  excess  of  respiratory  illness  in  the  Type  C  rooms  holds  good  both 
for  absentees  and  those  in  school.  The  total  illness  is  least  in  the  second 
grou]i,  or  cool,  window  ventilated  rooms.  The  difference,  however,  between 
the  first  and  second  types  of  window  ventilation  is  less  than  between  either  the 
first  or  second  and  tlie  third.  In  other  words,  assuming  for  the  moment  tliat 
these  differences  are  ilm'  to  atmospheric  influences,  the  air  conditions  in  the 
first  two  types  do  not  ))rodiice  greatly  divergent  effects.  l)ut  the  inllnenees  at 
work  in  the  third  type  are  distinctly  less  favorable. 
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The  significance  of  these  two  sets  of  results  may  be  expressed  in  this  man- 
ner; for  every  100  eases  of  respiratory  illness  in  the  cool  window  ventilated 
rooms,  there  are  152  in  cold,  window  ventilated  rooms,  and  231  in  fan  venti- 
lated rooms. 

Table  I 

ReSPIKATOUY  IlLXESS  per  1000  RKdlSTRATIOX 

(Pupil-Session)  Uxits* 


FIRST  STUDY 

SECOND   STUDY 

A'entilation 

Among 

Among 

Total 

Among 

Among 

Total 

,              Type 

Absentees 

Pupils 
in  School 

Absentees 

Pupils 
in  School 

A-Cold,   Window    Rooms 

10.6 

37.2 

47.8 

9.2 

75.3 

84.0 

B-Cool,    Window    Booms 

10.2 

22.1 

32.3 

10.7 

44.1 

54.8 

C-Fan   Ventilated 

14.2 

76.0 

90.2 

13.0 

98.4 

111.4 

Table  II 
Basic  Figures  from  which  Rates  in  Table  I  Are  Computed 

FIRST   STUDY  SECOND   STUDY 


A                             61,658                 635                 2,298                   89,067            -        822  6,705 

B                              71,231                 728                 1,578                 113,959                 1,218  4,661 

C 65,088 925 4,950 11.5,215 1,497 11,329 

The  actual  temperature  conditions  found  in  the  three  types  of  rooms  are 
disclosed  in  the  two  tables  following,  in  one  of  which  results  are  expressed  as 
averages,   and  in  the  other  by  temperature   groups. 

Table  III 
Aver.\ge  of  Room  Temperatures 

Ventilation  First  Study  Second  Study  Mean 

Type 

A  58.8  59.1  59.0 

B  (36.9  65.9  66.4 

C  68.8  67.9  68.4 

*The  unit  of  illness  was  one  pupil  per  half-day  school  session.  Illness  is  reported  in  pupil  sessioti 
units.  One  pupil  ill  ten  sessions  counted  the  same  as  ten  pupils  ill  one  session.  .\  piipi!  was  continued 
on  the  register  regardless  of  the  length  of  absence  from  school  unless  it  was  found  that  the  family  had 
moved  away   from  the  school   district,  or  that  the  pupil  had  left  school   permanently. 

Separate  tabulations  have  been  made  of  illness  resulting  in  absence  from  school  and  illness  among 
pupils  who  continued  to  attend  school.  The  absences  are  classified  as  n  )  absence  from  respiratory  illness, 
including  coryza.  bronchitis,  pharyngitis,  laryngitis,  tonsillitis,  pneumonia,  tuberculosis  and  a  miscellaneous 
group  variously  termed  grippe,  colds,  so;e  throat,  etc.;  (2)  absence  from  illness  other  than  respiratory, 
namely;  stomachache,  backache,  broken  leg,  etc.  In  this  group  were  also  the  acute  infectious  diseases 
such  as  diphtheria,  measles,  scarlet  fever,  whooping  cough,  chickenpox,  mumps,  etc.  This  v/as  done  be- 
cause it  was  felt  that  the  spread  of  these  infections  was  largely  determined  by  specific  susceptibility 
rather  than  by  atmospheric  influences;  (3)  absence  due  I^o  causes  other  than  illness,  such  as  staying 
at  home  to  mind  the  baby,  going  on  a  visit,  shopping  with  parents,  truancy,  etc. 


606  THE    JOL-KNAI.    OF    I.AIiOHATOHY    AND    CLINICAL    IIEDICIXE 

The  fan  ventilated  or  Type  C  i-ooms  averaged  Imt  1\vo  degi'ees  higher 
than  those  of  Type  B  and  nearly  ten  degrees  wanner  than  Type  A.  Type 
A  was  extremely  cold  for  a  school  room.  Type  B  was  cooler  than  is  cus- 
tomarily found.  The  average  temperature  of  Type  C,  though  higher  than  B, 
Avas  licit  exceptionally  high, 

There  Avas  a  wide  range  in  the  daily  temperatures,  which  are  lost  sight  of  iu 
the   averages. 

Table  IV 
Frequency  Distribution'  of  Temperatures  • 

Per  Cent  of  Sessions 

Types 
Ventilation  59°  and  below  60-69"  70°  and  over 

A 

B  5  61  34 

C  4  57  39 


1st  Studv 

56 

41 

5 

61 

4 

Slid  Sliidii 

■" 

46 

48 

8 

88 

0.2 

99 

A 

B  8  88  •  4 

C  0.2  99  0.8 

Tlie  A  rooms  rarely  reached  70".  Fully  half  of  the  sessions  were  below 
5!)-.  The  B  and  C  rooms  rarely  fell  below  60°.  The  temperatures  in  the 
second  study  were  much  more  uniform,  particularly  as  regards  Tyjie  C  and  to 
a  lesser  extent  Type  B.  ]\rore  than  one-third  of  the  sessions  iu  B  and  C  in  the 
first  study  were  above  70".  iluch  of  this  represented  an  overheated  condition. 
HoMever,  the  first  study  was  made  iu  the  late  winter,  when  greater  outdoor 
variation  is  experienced  than  from  November  to  January.  Although  the  pro- 
portion of  sessions  between  60  and  70°  does  not  appear  to  differ  much  in  the 
V,  and  ('  rooms,  yet  there  was  an  appreciable  difference  within  this  range. 
Thus,  ill  tlie  first  study  24  per  cent  of  sessions  in  B  were  from  60°  to  64°, 
whereas  hut  (i  jier  cent  of  the  sessions  in  C  were  within  this  range.  Thirty- 
seven  i)er  ceiil  (if  15  sessions  were  from  65  to  60  as  against  51  per  cent  of  the 
C  sessions.    Tlie  t'  nKuns  wn-c  warmer,  as  tlie  averages  have  already  indicated. 

The  interesting  point  to  be  noted  is  that  wiiereas  there  was  but  two  de- 
grees difference  in  temperature  between  the  1'.  and  ("  rooms,  there  was  a  wide 
difference  in  the  sickness  rates.  Between  7  and  S  degrees  separated  Types  A 
and  B,  and  yet  in  spite  of  this  the  sickness  rates  were  quite  similar.  Evi- 
dently some  factor  other  than  temperature  operated  differently  on  these  three 
classes  of  rooms  or  else  a  rise  of  two  degrees  above  66''  is  far  more  conducive  to 
colds  than  a  dro]i  of  as  rnueli  as  7  degrees. 


The  relative  linniidily  niiiged  from  :1S  to  467r  and  did  not  dill'er  greatly  in 
(he  tliree  classes. 

As  would  he  expeeled.  the  rrhili\i'  humidity  was  higher  in  the  I'older 
rooms.  With  the  same  amount  of  iimisluiv  prescnl  as  in  Tyjie  A.  the  relative 
humiditv    in    the   lirst    study   at    the    teiii|ieiat  ure    in    Tyiie    U   would   be   33.4, 
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Table  V 
Relative  Humidity 


Ventilation                                       First  Study                                       Second  Study 
Type 

A  43.7  46.3 

B  37.8  43.0 

C  37.8  41.2 

and  in  Tyj^e  C  31.4.  The  corresponding  figures  in  the  second  study  would 
be  29.9  for  B  and  28.7  for  C.  It  would  appear,  therefore,  that  there  was  an 
accumulation  of  moisture  in  the  Type  B  rooms,  and  this  could  only  come 
from  reduced  aeration.  In  Type  C  the  same  explanation  would  hold.  The 
rooms  at  P.  S.  59  were  humidified,  as  were  also  the  rooms  at  P.  S.  51  and  97, 
but  this  would  hardly  affect  the  average  of  all  rooms  iu  the  group  to  this 
extent.  It  is  also  possible  that  the  taking  of  the  humidity  reading  was  not 
as  accurately  done  in  the  dry  rooms,  the  wet  bulb  being  read  before  the  mer- 
cury coliimn  had  completed  its  fall.  These  readings  are  higher  than  we  should 
expect  at  this  season  of  the  year,  judging  from  records  taken  by  the  Com- 
mission iu  similar  rooms  in  other  schools. 

Other  indices  of  air  conditions  were  the  opinions  of  tlie  nurses  who  visited 
the  rooms  at   least   twice   daily. 

FRESHN'ESS    AND    ODOR 

Tlie  results  of  the  nurses'  votes  on  the  freshness  or  lack  of  freshness  and 
presence  of  odor  in  the  rooms  are  given  in  Tabic  YI. 

Table  VI 

PERCEXTAGE    OP    SESSIONS    JUDGED 

Ventilation  Exceptionally  Odor  Absent  but  Odorous 

Type  Presli  not  Exceptionally 

fresh 

A  62  '  24  14 

B  25  .57  18 

C  21  64  15 

3.2 
20 
11 

The  results  are  very  interesting  from  several  points  of  view.  The  Type 
B  rooms  are  most  odorous  in  both  studies.  The  excess  over  the  others  was 
slight  in  the  first  study,  18,  as  compared  to  15  for  Type  C  and  14  for  A.  It 
was  more  marked  in  the  second  study,  20,  as  against  11  for  C  and  only  3.2 
for  A. 

The  freshest  rooms  are  tlu'  coklest  rooms.  Sixty-two  per  cent  of  the 
sessions  in  Type  A  iu  the  first  stud.y  were  judged  exceptionally  fresh,  and 
in  the  secpnd  study  the  figure  was  69  per  cent.  The  figures  for  Type  B  were 
25  per  cent  in  the  first  and  18  in  the  second.  Type  C  had  21  i^or  cent  in  the  first 
and  22  per  cent  in  the  second. 


First  Study 

62 

24 

25 

57 

21 

Second  Study 

64 

69 

28 

18 

62 

22 

67 
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What  seems  elear  from  these  figures  is  that  to  be  exceptionally  fresh  the 
greater  part  of  the  time,  rooms  must  be  well  below  65  degrees  in  temperature. 
Warmer  rooms  may  be  free  (rtnu  odor  ;ni(l  yet  exceptionally  fresh  not  nnieh 
o\er  one-fifth  of  the  time. 

lu  rooms  that  did  not  differ  greatly  in  temperature,  as  B  and  (',  the 
greater  aeration  produced  liy  fan  ventilation  reduced  odor  to  a  slight  degree 
in  the  first  study,  and  lo  a  marked  degree  in  the  second.  It  failed  to  make 
the  rooms  any  fresher  in  the  first  study,  but  did  help  out  in  the  second  study. 

Although  we  do  not  possess  complete  records  of  the  carbon  dioxide  con- 
tent, there  is  little  doubt  but  that  the  smallest  amount  would  be  found  in  the 
fan  ventilated  rooms.  Type  C,  as  we  have  already  pointed  out.  Repeated 
records  collected  in  three  schools  show  this  tendency  (Table  VII). 

Table  ^'II 
Carbon  Dioxide  in  Pakts  per  10,000 

school                                                                                                   ventilation  type 
B C 

33  6.9  5.0 

115  7.6  6.5 

97 8.6  5.7 

The  markedly  greater  freshness  of  the  Ty])e  A  rooms  is  due.  without  ([ues- 
tion,  to  their  low  temperature,  and  not  because  of  the  greater  chemical  purity 
of  the  air.     Freshness  is  not  a  question  of  odor,  for  the  Type  B  rooms  were 

fresher  tlian  ('  and  yet  more  odorous. 

SKXSATION   OP   TEMPERATfRE 

The  recorded  votes  of  the  nurses  as  to  whether  the  tenipiTalure  of  tlie 
rodois  I'clt  '"tiio  <'ool,""  "sat  isfactciry "  or  '"too  wai'ni""  arc  given  in  Tabic  \'1I1. 

Table  VIII 

PER  CENT   OF   SESSIONS   JfDfiEIl 
VENTILATION  TOO   COOL  SATISFACTORY  TOO   WARM 

TYPE 

A  7.9  77  m 

B  6.2  7S  K) 

C  10  76  14 


First  fHiidii 

7.9 

77 

6.2 

7S 

10 

Second  Sliidii 

76 

26 

70 

8.6 

80 

3.6 

85 

A  26  70  3.9 

B  8.6  80  11 

C  3.6  85  12 

In  liie  fii'st  study  tlic  per  cent  of  .satisfactory  sessions  was  abnut  the  same 
in  all  three  types,  being  in  the  neighborhood  of  77  per  cent.  There  were  more 
.sessions  judged  "too  warm"  in  Types  A  and  B  than  in  C.  although  the  average 
temperature  was  lower  than  f".  The  "too  cool"  sessions  were  most  numerous  in 
Type  C",  the  rooms  of  higiiesl  temperature.  In  other  words,  the  coldest  rooms 
felt  warmer  than  the  warm  rooms.  In  view  of  the  actual  temiierature  found,  it 
would  ai)|iear  that  the  niir.ses  were  influenced   in  their  judgment  of  what  the 
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temperature  should  have  been  rather  tluui  by  actual  sensation.  In  no  other 
way  can  we  account  for  the  votes  in  rooms  whose  temperature  differed  by  at  least 
ten  decrees,  as  was  the  ease  in  Types  A  and  C. 

The  votes  in  the  second  study  more  nearly  reveal  the  actual  temperature 
condition  as  indicated  by  the  thermometer.  In  A  26  per  cent  of  the  sessions 
were  judgred  "too  cool."  In  fact,  4  per  cent  were  voted  "too  cold" — an  ex- 
treme condition.  In  Type  B,  8.6  per  cent  were  "too  cool"  and  in  C  3.6 
per  cent. 

Type  C  had  the  greatest  number  of  sessions  .iudsred  satisfactory  as  to  tem- 
perature ;  namely.  85  per  cent.  The  corresponding-  figure  for  Type  B  was  80 
and  for  A,  70. 

Too  great  warmth  was  experienced  12  per  cent  of  the  time  in  C,  11  per  cent 
in  B  and  but  3.9  per  cent  in  A. 

The  sensation  of  temperature  reflects  the  actual  thermometer  reading — to 
some  extent  at  least.  There  was  much  lesss  overheating  in  the  second  study, 
and  this  agrees  with  the  lesser  number  of  "too  warm"  votes. 

SEXSATIOX  OF   MOISTURE 

As  will  be  seen  from  the  figures  given  below,  over  80  per  cent  of  sessions 
in  all  three  types  of  the  first  study  were  judged  satisfactory  as  to  moisture. 
Both  moisture  and  dryness  were  most  pronounced  in  Type  C. 


PER   CEXT   OP   SESSION'S  JUDC.ED 

TEXTIL.iTIOX                                                      MOIST  SATISFACTORT                                                DRY 
TYPE 

First  Stiidi/ 

A                                                    5.9  SS                                                 fi.7 

B                                                        1.7  89                                                    9.0 

C                                                     7.?,  8.3                                                 9.7 

Second  Study 

A                                                  3.3  66                                                 0.6 

B                                                   20  74                                                 6.4 

C                                                     8.0  84                                                 7.9 


The  second  study  reveals  a  greater  divergence  between  the  rooms.  Type 
C  had  the  highest  percentage  of  satisfactory  sessions,  84.  Type  B  had  but  74 
per  cent  and  Type  A,  only  66.  The  cooler  sessions  are  associated  with  moisture, 
the  warmer  sessions  with  dryness.  One-third  of  all  sessions  in  A  were 
moist  and  less  than  1  per  cent  dry.  Twenty  per  cent  of  sessions  in  B  were 
moist  and  6.4  per  cent  dry.  Eight  and  five-tenths  per  cent  of  C  were  moist 
and  7.9  per  cent  dry. 

There  was  less  overheating  in  the  second  study  and  the  sensation  of 
dryness  is  less.  Tyije  C  is  similar  in  both  studies.  The  other  two  types  are 
different  in  that  the  second  study  shows  many  more  moist  sessions. 

.\IR  MOTIOX 

« 
The  greatest  proportion  of  satisfactory  votes  as  to  air  motion  was  found  in 
A.    aioving  air  was  noticed  most  frequently  in  A  and  least  in  B.    The  results 
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of  both  studies  are  similar,  although  it  is  surprising  to  find  the  sessions  in 
Type  C  judged  "dead"  to  be  more  numerous  in  the  second  study  where  the 
air  flow  through  the  rooms  was  greater  and  the   temperature  was  lower. 

Table  X 
Per  Cent  op  Sessions  Jxtoged 

vextilatiox  dead  satisfactory  breezy 

TYPE  

First  SUidii 

A  4.7  SI  14 

B  lo  7S  7.1 

C  9.3  73  18 

Second  Study 

A  9.2  74  17 

B  IS  75  7.0 

C 23 68 9^ 

(To  be  ccntiniied.) 


A  REVIEW  OF  NINETY-FOUR  NECROPSIES.    WITH  SPECIAL 
REFERENCE  TO  THE  PNEUMONIAS* 

By  Geo.  W.  Covey,  A.M..  ]\I.r)..  Lixcolx,  Nebr. 

INTRODUCTION 

UNFORTUNATELY  the  pathologic  service  in  our  center  over.seas  was  under- 
luauned  and  underequipped,  and  the  work  had  to  be  done  under  very 
harassing  conditions.  In  a  period  of  less  than  five  months  more  than  30,000 
patients  passed  through  this  center,  of  whom  429  died.  Of  these,  80.3  per  cent 
were  aiitopsied — a  total  of  356  necropsies.  The  greater  part  of  these  were  done 
by  my  chief,  Dr.  Moses  Barron,  pathologist  of  the  University  of  Minnesota, 
and  by  myself.  More  than  one-half  of  the  deaths  occurred  in  one  month — 
October,  1918,  the  daily  average  being  eight.  In  addition,  Dr.  Barron  was 
chief  of  the  laboratory  service,  and  I  examined  more  than  a  thousand  tissues 
microscopically  during  this  time.  Of  the  106  postmortems  done  by  me,  I  have 
complete  records  of  the  gross  findings  in  94. 

A  very  complete  and  cleverly  written  resume  of  the  356  cases  has  been 
published  in  the  Archives  of  Iiitcnial  Medicine  for  September,  1919,  by  Dr. 
Barron.  In  this  he  has  touched  on  most  of  the  important  pathologic  lesions 
that  came  under  our  observation.  My  excuse,  therefore,  for  a  paper  on  my 
own  records  is  to  make  a  somewhat  more  detailed  study  of  a  few  points  con- 
cerning the  heart,  aorta,  kidneys,  and  sinuses,  and  to  dwell  especially  on  the 
pneumonias  which  we  encountered. 


One  of  the  most  striking  features  of  our  heart  findings  was  the  paucity 
of  chronic  lesions.  In  other  words,  the  heart  l)oards  had  efficiently  ruled  out 
chronic  diseases  in  this  field. 

I  have  here  reef)rded  the  Aveight  of  each  of  61  hearts  (Table  U.    The  min- 

T.4BLE    I 

Number  of  hearts — weights  recorded  61 

Average  weight  heart :      males — Morris-Grey  .^41  grams 

Average  weight  hearts  in  this  series  331.7  ' ' 

Ma.xiimmi  weight  450      ' ' 

Minimum  weight  220      ' ' 

Xiimber  weigliiaig  more  than  tlie  average  29      ' ' 

imura  Avas  220  grams,  the  maximum  450  grams.     Eleven  hearts  weighed  400 
grams  or  more.     Twenty-nine  weighed  more  than  340  grams.     The  average 
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weifjht  was  331.7  grams.  The  average  weight  of  hearts  in  the  male  recorded 
by  Morris  and  by  Grey  is  341  grams.  We  see,  therefore,  that  onr  general 
average  falls  abont  10  grams  low,  Imt  that  20,  or  47.5  per  cent,  wi-rc  above 
the  average. 

Seven  hearts,  or  7.4  per  cent,  shuwed  a  jiatcnt  foramen  ovale  (Table  II). 

Table  II 

Patent  foramen  ovale 

Number  hearts  \vith  valvular  lesion 

Number  hearts  with  acute  valvular  endocarditis 

Number  hearts  with  acute  endocarditis,   mitral   alone 

Number  hearts  with  acute  endocarditis,  mitral  and  tricus]jid 

Number  hearts  with  acute  endocarditis,  mitral  and  chronic 

elsewhere 
Number  hearts  with  acute  endocarditis,  aortic 

Eleven  of  the  94  hearts,  or  10.3  per  cent,  showed  valvular  lesions.  Only  four 
of  these  were  acute  infections.  The  chronic  lesions  were  universally  of  a 
mild  and  almost  insignificant  degree.  The  mitral  valve  was  affected  in  five 
eases  (4.7  per  cent),  four  of  which  were  acute.  Only  one  of  these  was  an  acute 
lesion  of  the  mitral  valve  alone;  one  occurred  with  an  acute  endocarditis  of  the 
tricuspid  valve,  and  two  with  chronic  disease  of  the  aortic  valve.  No  acute 
lesions  were  seen  affecting  tlie  aortic  valve,  but  it  had  some  slight  chronic 
affection  in  eight  cases. 

The  myocardium  showed  some  evidence  of  degeneration,  such  as  a 
brownish  color  and  flabby  consistency  in  eight  cases,  or  7.5  per  cent.  None  of 
these  was  very  marked,  and  no  acute  infectious  process  was  seen  here.  Dila- 
tation is  recorded  in  nine  cases,  or  14.7  per  cent. 

Twenty-five  cases,  or  23.5  per  cent,  showed  some  lesion  of  the  pericardium 
or  epicardium.  Five  of  these  were  acute,  three  being  a  real  acute  pericarditis 
and  two  subpericardial  hemorrhages.  The  remainder  consisted  of  some  rem- 
nant of  past  disease  of  the  heart  coverings,  the  most  interesting  of  which 
were  the  so-called  "soldier-spots."  A  true  soldier-spot  is  a  thickened  area 
of  epicardium  corresponding  to  a  complemental  "spot"  on  the  pericardium, 
varying  from  a  few  millimeters  to  ly^  em.  or  more  in  size.  Some  were  found  in 
which  a  fibrous  band,  i-unning  from  epicardium  to  pericardium,  coiuiccted  these 
two  ".spots."  In  others  the  band  had  apparently  gone  further,  the  fibrous  brush 
of  tissue  being  absorbed  and  leaving  a  coin-like  whitish  thickening  on  the  two 
membranes.  Six  of  the.se  cases,  or  5.64  per  cent,  showed  typical  "soldier-spots," 
while  13  others  showed  smaller  or  larger  areas  of  thickened  eiii.-nrdinm  alone. 


Five  aoi-tas  had  evidence  of  aortitis,  nonluctic  in  clKiracter,  marked  enough 
to  be  consid<'re(l  abnoi'mal ;  yet  none  of  them  was  remarkable  in  extent  or  degree. 
Three  cases  of  true  syphilitic  aortitis,  each  with  aneurysm,  were  po.sted  in  the 
Center,  and  all  of  them  happened  to  fall  in  my  own  service.  Only  one  of  these 
was  suspected  prior  to  death.    This  was  a  large  saccular  aneurysm  beginning  at 
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the  aortic  ring  and  involving  practicallj-  the  ascending  limb  of  the  arch.  Death 
occurred  here  due  to  sudden  dilatation  of  the  aortic  I'ing.  The  two  others  were 
typically  luetic  tliroughout,  but  the  aneurysm  occurred  in  the  abdominal  por- 
tion. In  one  of  these,  death  was  due  to  rupture  and  infiltration  of  the  retro- 
peritoneal tissues  with  blood.  An  interesting  angle  of  this  ease  is  the  fact  that 
a  tumor  of  the  right  kidney  was  diagnosed.  The  abdomen  was  opened  and  ex- 
plored by  the  ej-e  and  finger  of  the  surgeon,  who  decided  the  tumor  was  too  ex- 
tensive for  removal  and  contented  himself  with  abducting  the  man's  appendix. 
Even  then  it  remained  for  the  pathologist  to  show  that  the  tumor  behind  the  right 
kidney  was  blood  from  the  aneurysmal  sac.  The  third  was  entirely  unsuspected 
and  was  found  in  a  man  who  died  of  septicemia.  It  was  a  sac  lying  between  the 
aorta  and  the  vertebrae  in  the  lumbar  region.  It  had  eroded  a  portion  of  the 
bodies  of  two  vertebrae,  but  had  caused  no  symptoms. 

KIDXEY    (see    table    UI) 

In  69  cases  the  average  weight  of  the  left  kidney  is  186  grams;  that  of  the 
right  is  184.    The  minimum  weight  is  120  grams  and  the  maximum  300  grams. 

T.\BLE  III 

Number  kidneys  weighed — pairs 

Average  weight  kidneys  in  male — Kelly  and  Burnham 

Minimum  weight  kidneys  in  male — Kelly  and  Burnham 

Maximum  weight  kidneys  in  male — Kelly  and  Buruham 

Average  weight  left  kidney,  this  series 

Average  weight  right  kidney,  this  series 

Minimum  weight  kidney,  this  series 

Maximum  weight  kidney,  this  series 

Congenital  abnormalities 

Acute   nephritis 

Chronic  nephritis 

Xephrolithiasis 

Acute  pyelitis  and  hydronephrosis 

Pyelonephritis 

Cystic  degeneration 

Two  cases  had  but  one  kidney  each,  one  being  a  horseshoe  kidney  weighing  500 
grams  and  having  two  pelves  and  two  ureters,  the  other  being  a  single  right 
kidney  weighing  300  grams  with  aplasia  of  the  left  kidney  and  ureter.  Accord- 
ing to  Kelly  and  Burnham  (Diseases  of  the  Kidneys,  Ureters  and  Bladder,  Vol. 
I,  p.  137)  the  normal  weight  of  a  kidney  in  the  state  of  physiologic  distention  is 
168  grams — average ;  the  minimum  107  and  maximum  264  grams.  The  right 
usually  weighs  slightly  less  than  the  left. 

In  28  cases  the  kidneys  showed  acute  nephritis ;  however,  most  of  these  were 
mild,  onl}^  two  being  severe  and  the  cause  of  death.  In  14  cases  mild  chronic 
nephritis  was  present. 

In  addition,  calculi  were  found  in  two  cases;  septic  infarcts  with  abscess 
formation  in  two  cases ;  acute  pyelitis  in  two  cases — one  having  an  acute  pyelitis 
on  one  side  with  a  hydronephrosis  on  the  opposite  side;  pyelonephritis  in  one 
case,  and  cystic  degeneration  in  one  case. 
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SINl'SES  OF  SKFLL,   MASTOIDS  AND    MIDDI-K  EAR    (sEE  TABLE  iv) 
Tablk  IV 


Purulent  sinusitis 
Single  sinus  or  pair 
More  than  one  pair 
Pan  sinusitis 
Sphcuoidals 
Prontals 
Ethmoidals 
ifiddle  ear 
Mastoid 


37  or  34.8    percent 
31  or  29.3     "     " 

6  or     .5.6     "      " 

2  or     1.8     "      " 
34 

5 

4 

7 


Purulent  sinusitis  was  present  in  37  cases,  or  34.8  per  cent,  a  single  sinus 
or  pair  being  infected  in  31  eases  and  more  than  one  pair  in  six  cases.  All  the 
sinuses  were  infected  in  each  of  two  oases.  The  sphenoidals  were  involved  34 
times,  the  froirtals  5  times,  the  ethmoidals  4  time.s,  the  middle  ear  7  times,  and 
the  mastoids  2  times. 


THE  PNEUMONIAS 


Clin,,     of     ll,nK 

l-iK.      J--Sr<l, 

rniichiolc   filled 

monia.     Note  thi 

arc  filled  with 

ancc  of  exudate 

Wall    of   bron- 

l-i„;.  1.— !'hr,toniii;r"Kraph  fr.mi  a  : 
showing  bronchopncunionia.  Shows  a 
with  pus.  The  contiguous  alveoli  only 
txudatc.  ;.  I.unu-n  of  hronchiolc.  .'. 
chiole.     J.  .\lv<-..l„s  lilUil   with  exudate. 

^lost  (al)oiil  <)l)  per  cent)  of  tlic  cases  showiii^r  sinus  iii\(il\riiicnt  were 
]ineumoiiias,  and  a  large  i)ercen1age  oceurrcd  iliiriiij:  tlu'  iiioiith  of  Oilulicr.  1!)18, 
together  with  I  lie  first  days  of  Novemlier.  Tlie  uiganisins  fmiiul  in  llu'  sinuses 
were  usually  idcnlii'al  willi  liiose  from  the  lung  or  blood  stream. 

Of  the  !I4  eases  uikIit  discussion,  57,  or  60.6  per  cent,  sliowed  ijiu'umoniii. 
Of  tiu'.se,  ')0.  or  87.7  jicr  cent,  were  of  the  bronehogenie  type :  two,  or  l.S  iier  ceiil, 
were  lobar  and  bnnicliial  ;  live,  or  it  per  cent,  were  classified  as  interstitial. 

The  innst  ciiMiHdn  cdMiplicatioiis  of  these  w<'rc  pleiii'itis  and  sinusitis.     There 
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was  fibrinous  or  serofibi'iuous  pleurisy  in  22.  empyema  in  10,  and  sinusitis, 
either  single  or  multiple  or  pan  sinusitis,  in  21. 

I  have  records  of  the  bacteria  found  in  32  cases.  The  pneumococcus  was 
found  14  times,  the  streptococcus  18  times,  B.  Welehii  twice,  and  B.  pyocyaneus 
once.     In  .several  cases  more  than  one  organism  was  present. 

Influenza  was  the  initial  diagnosis  in  nine,  or  16.2  per  cent,  of  these  cases. 

Seventy-five  per  cent  of  the  bronchopneumonias  were  bilateral,  many  being 
so  massive  that  practically  whole  lobes  or  complete  lungs  were  solid. 

Among  these  cases  there  was  none  of  pure  ordinary  lobar  pneumonia. 

I  do  not  need  to  discuss  the  pathology  of  the  ordinary  lobar  pneumonia  ex- 
cept to  call  to  your  minds  for  comparison  the  principal  points.  Bronchopneu- 
monia (Fig.  1),  as  you  rememljer,  has  its  origin  in  the  finer  radicles  of  the 
bronchi  and  spreads  outward  into  the  surrounding  parenchyma.     The  "lobu- 


I-"ig.    3.— Phot"! 
marked    interslitia 
ness  and  cellularity  of  the  alveolar  wall 
of  exudate    in   the   alveoli. 


Fig.    ■).— Photomicrograph     ot      seciion     of     lunR 
showing     interstitial     pneumonia.       This     is     very 
nd  the  scarcity  similar  to  Fig.   3  e.xccpt  that  the  alveoli  are  filled 

with    fibrinous   exudate   containing   very    few   cells. 


lar""  idea  is  slightly  misleading.  In  sections  from  various  parts  of  these  in- 
fected lungs  we  can  trace  the  different  steps  in  the  pathologic  process.  Bronchi- 
oles ean  be  seen  containing  exudate  and  having  more  or  less  degeneration  and 
desquamation  of  the  cells  of  the  mucous  membrane,  with  congestion  and  dilata- 
tion of  the  capillaries  but  no  surrounding  inflammation.  Others  can  be  found 
about  which  perhaps  but  one  or  at  most  a  few  concentric  layers  of  alveoli  con- 
tain exudate  (Fig.  1).  From  this  we  pass  to  bronchioles  having  a  more  or  less 
definite  concentric  area  of  consolidation  involving  a  narrower  or  wider  area  of 
parenchyma.  This  area  is  always  surrounded  by  a  zone  of  atelectatic  alveoli,  due 
to  pressure  of  the  distended  consolidated  portion,  and  this  in  turn  by  an  area 
of  emphysematous  alveoli — probably  an  effort  on  the  part  of  the  body  to  com- 
pensate for  the  functional  loss  of  lung  tissue.  These  areas  spread  ever  outward 
until  they  may  meet,  become  confluent,  and  give  a  massive  consolidation. 
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The  olil  trxl  book  pii-ture  of  iiioiioiiiu-k'ar  fclls  with  no  fibi-iii  in  the  broii- 
ehopneumoiiias  and  iiolymorphonuelear  cells,  with  much  fibrin  in  the  lobar  pneu- 
monias, must  be  largely  overdrawn,  especially  as  regards  the  fibrin  deposit,  for 
ill  our  studies  we  found  iiiaii.\-  lironchogenie  pneumonias  having  as  great  or 
greater  amounts  of  fibrin  tiiaii  tlie  iobai's;  this  iiior:'  partieidarl.v  in  cases  liaving 
been  gassed,  but  also  in  otliers. 

In  lobar  pneumonia  (Fig.  2)  the  greater  part  or  the  whole  of  one  lobe  or 
many  lobes  becomes  involved- at  once.  There  is  congestion  followed  by  the 
pouring  out  into  the  alveolar  spaces  of  an  exudate  rich  in  i-ed  cells.  In  a  few 
hours  (or,  at  most,  days)  these  becoine  broken  up  and  are  gradually  replaced  by 
white  cells,  largely  of  the  polymoi-phoimclear  type.  Lysis  of  the  exudate  begins, 
the  bronchioles  then  become  flooded  with  pus,  the  cells  of  which  are  ra]3idly  un- 
dergoing degeneration,  and  the  lung  returns  graduallv  to  its  iiornial  state  with 


I'iK.  .^.-I'hotoMiiiri 
showing  interstitial  pnra 
tion  has  hcEun.  Exutlat 
blasts  originating  in  alveol; 
collapsed. 


cnganiza-  tion  of  section   in    Fig.   5   contained   in  the 

;    many    tibro-  /.    lixudatc   in   alveolus.      2.    Wall    of   alveolus.      5. 

Many  alveoli  Fibroblasts   apparently   originating  in   wall. 


nothing  to  denote  that    i1    has  lierii   infected.     We  have  then  the  stages  of  con- 
gestion, red   l]ej)atizatioii.  gra.v  heiialization,   resolution,   ;iiul   recovery. 

Earl\-  in  (Jiir  work  we  encountered  a  relatively  large  iiuiiiber  of  unusual 
liliciliiioiiias  which  al  lirst  w c  were  at  a  loss  In  name.  Tiic  iii\  iil\-enieiil  was 
eilh'er  loliar  or  bronchial.  The  area  was  airless  and  linn,  but  had  a  \'cry  differ- 
ent feel  than  usual.  It  was  not  (luite  so  linn  as  a  lobar,  and  not  friable,  but  of 
a  rubbery  resiliency,  it  being  difTieult  to  |)ress  the  hiig(>r  into  it  hard  enough  to 
tear  it,  and  mi  iieing  released  I'roni  pressure  it  iinmediately  returncil  to  its 
normal  contour.  The  pleural  surface  was  often  covered  b.v  iibrinous  exudate. 
It  was  deep  red  in  color,  and  there  were  frcquentl.v  subjileural  iiinpoint  hem- 
orrhages. The  cut  surface  is  dark  red  in  color  or  may  have  brownish  areas  and 
occasionally  small  tieeks  of  yellow.  The  surlaee  is  somewhat  moist,  but  on 
pressure  a  \'ery  little  tluid,  not  oi'  a  |Minilciit  character,  is  expressed.  \Vhen 
scraped  dry.  a  universal  fine,  lae.\'  appearance  results. 
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"VVlieii  these  lungs  were  studied  mieroseopieally  we  found  the  reason  for 
the  gross  appearance  (Figs.  3-6).  We  also  found  that  other  pneumonias,  bron- 
chial or  lobar,  frequently  showed  similar  small  scattered  areas,'  and  that  oeea- 
sioiialjy  we  were  deceived  in  the  gross  specimens  by  other  lesions,  such  as  edema 
of  the  alveolar  walls.  Microscopically,  the  striking  feature  of  these  .sections 
was  a  relatively  immense  thickening  of  the  alveolar  walls,  with  very  little  exudate 
in  the  alveoli  themselves  (Fig.  3).  This  it  is  that  gives  the  characteristic  gross 
appearance  described  above.  In  the  more  acute  types  there  is  more  alveolar  exu- 
date tli;in  ill  the  more  chronic.  This  consists  of  serofibrinous  material  with  scat- 
tered cells,  a  few  of  which  are  polymorphonuclear  leucocytes,  the  remainder 
mononuclear  cells,  lymphocytes  and  desquamated  endothelium  (Fig.  5). 

The  alveolar  walls  are  edematous  and  their  capillaries  are  dilated  and  in- 
jected with  red  cells,  but  the  striking  feature  is  their  marked  cellular  infiltration 
(Fig.  3).  They  are  often  crowded  full  of  cells,  at  times  pol.vmorphonuelear, 
with  scattered  large  mononuclear  cells ;  again,  almost  entirely  with  the  mononu- 
clear variety. 

In  a  given  section  areas  may  be  seen  where  the  walls  are  thickened  and  the 
alveoli  are  filled  with  exudate  as  described.  Other  areas  will  show  no  exudate 
(Fig.  5).  In  the  less  acute  forms,  organization  is  beginning  to  take  place. 
Areas  are  seen  where  the  exudate  has  disappeared  from  the  alveoli  and  they 
have  collapsed,  permitting  the  thick  walls  to  come  in  contact  and  making  a 
strand  of  solid  tissue  with  here  and  there  the  suggestion  of  an  alveolar  space. 
Other  portions  show  fibroblastic  invasion  of  alveolar  exudate,  the  new  cells  orig- 
inating in  the  walls  (Figs.  5  and  6).  Still  others  give  the  appearance  of  new 
connective  tissue,  with  here  and  there  a  space  either  without  endothelium  or 
M'ith  a  partial  lining  of  cuboidal  or  columnar  cells  produced  by  the  attempt  at 
regeneration. 
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A  METHOD  FOR  THE  DETERMINATION  OF  BLOOD  VOLUME* 

By  Elizabeth  Franke  and  Stanley  K.  Benedict,  New  York  City 


METHODS  available  for  the  determination  of  blood  volume  depend  upon 
one  of  three  general  procedures.  The  direct  method,  devised  by  Haller, 
"Wrisberg^  and  Welcker,-  and  modified  by  Plesch^  and  others*  depends  on  direct 
estimation  of  the  total  hemoglobin  content  of  the  body.  This  procedure  is  ])rob- 
ably  the  most  •  accurate,  but  is  applicable  only  where  the  life  of  the  ex- 
perimental animal  is  saci-ificed,  and  the  teehuie  involved  is  laborious.  The  sec- 
ond group  of  methods,  developed  b.y  Grehand  and  Quinaud,'  Haldane,"  Van 
Slyke'  and  others,*  depends  upon  inhalation  of  a  gas  (carbon  monoxide)  which 
will  combine  with  a  constituent  of  the  blood  (hemoglobin)  so  that  by  subsequent 
determination  of  the  new  compound  found,  or  of  the  concentration  of  the  gas  in 
the  blood,  the  blood  volume  may  be  calculated.  This  type  of  method  has  not  met 
wide  approval  on  account  of  the  unsatisfactory  technic  involved,  and  because 
the  results  obtained  show  a  wide  variance  from  those  given  by  other  methods. 

The  third,  and  most  widely  used  group  of  methods,  depends  upon  the  in- 
troduction of  a  known  quantity  of  a  substance  into  the  circulating  blood  Avith 
subsequent  determination  of  the  concentration  of  the  substance  in  a  sample  of 
blood  withdrawn  from  the  circulation.  Such  a  procedure  must  depend  upon  the 
use  of  a  substance  for  injection  wiiich  remains  practically  unaltered  in  the 
blood  stream  for  suiificient  length  of  time  to  permit  thorough  mixing  with  the 
entire  blood,  and  for  withdrawal  of  the  sample  for  analysis. 

Acacia,  employed  by  Meek  and  Gasser,"  conforms  to  these  conditions  but 
the  complicated  analytical  technic  required  to  determine  acacia  with  accuracy 
has  limited  the  general  usefulness  of  the  method.  An  adaptation  of  this  method, 
using  the  refractive  index  of  the  nonprotein  fraction  of  the  .serum  has  been  jh'o- 
posed  by  McQuarrie  and  Davis.  This  procedure  is  applicable  to  small  ipian- 
tities  of  blood  and  is  probably  cpiite  accurate  when  a  satisfactory  refractometer 
is  available,  and  conditions  are  )iroi)erly  controlled. 

Theoretically,  perhajis  the  simplest  method  of  blood  volume  determination 
would  depend  on  the  iiitroduetion  iiilo  llie  circnlal  ion  of  a  nondifCusible  non- 
toxic substance  liiiving  ^m  inleiise  enldi-,  so  liiat  the  einieentration  of  the  sub- 
stance would  be  (letci'mincd  colorimetrically  directly  in  a  jioi'lion  of  plasma. 
Keith,  Rowntree  and  Geraghfy  first  proposed  a  nu'tlim!  l)ase(l  upon  this  jjroce- 
dure  and  employed  "\i1al  i-ed"  a  German  dye.  as  the  substance  for  injection. 
Vital  red  docs  not  ])ene1iali'  tlie  eorpuseles  and  leaves  the  circulation  compara- 
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tively  slowly.  Diffieiilty  in  obtaining  satisfactory  samples  of  the  dye  in  recent 
years  has  limited  the  availability  of  the  method  for  general  use.  The  work  of 
Harris,  Hooper,  Smith,  Belt  and  "Whipple,  and  Dawson,  Evans  and  Whipple 
has  indicated  that  the  eolorimetric  principle  for  blood  volume  determination  as 
introduced  by  Kowntree  and  collaborators  is  the  most  generally  satisfactory  and 
simple  procedure,  provided  one  secures  a  dye  which  can  be  relied  upon  not  to 
penetrate  corpuscles  or  tissues  within  a  reasonable  period  of  time. 

On  account  of  the  difiSculties  at  present  in  obtaining  reliable  dye  prepara- 
tions which  do  not  penetrate  cells  or  tissues  it  occurred  to  us  that  hemoglobin 
might  be  used  with  advantage  in  the  determination  of  blood  volume.  Hemoglo- 
bin is  nontoxic,  and  owing  to  its  high  molecular  weight  and  intense  coloring 
power  should  be  admirably  adapted  for  use  where  a  nondiffusible  colored  prod- 
uct is  desired.  Our  experiments  have  shown  that  oxyhemoglobin  does  not 
penetrate  the  red  cells  to  the  slightest  degree,  and  remains  in  the  circulation 
without  detectable  alteration  for  periods  of  time  quite  sufficient  to  allow  of 
thorough  mixing  with  the  blood  and  removal  of  samples  for  analysis.  The 
final  concentration  of  hemoglobin  in  the  plasma  is  readily  determined  by  com- 
parison in  a  colorimeter  with  a  portion  of  the  solution  injected,  after  suitable 
dilution.  It  is  unnecessar.y  to  use  purified  hemoglobin  for  the  determination. 
Results  are  exactly  as  satisfactory  where  a  solution  obtained  by  laking  cor- 
puscles with  water,  followed  by  addition  of  enough  salt  to  make  the  whole  solu- 
tion isotonic,  is  employed.  The  hemoglobin  employed  need  not  come  from 
the  same  species  of  animal  as  the  one  used  in  the  experiment.  We  have  used 
beef  hemoglobin  in  our  dog  experiment  with  exactly  the  same  results  as  where 
dog  hemoglobin  was  employed.  Injection  can  be  made  as  rapidly  as  possible 
without  detectable  effect  on  the  general  condition  of  the  animal. 

DESCRIPTION    OF    THE    METHOD 

The  principle  of  the  method  is  the  introduction  into  the  blood  stream  of 
a  solution  of  hemoglobin,  prepared  by  laking  blood,  and  the  subsequent  de- 
termination colorimetrieally  of  the  concentration  of  this  hemoglobin  in  the 
plasma  by  comparison  with  a  suitable  standard  mixture  of  hemoglobin  and 
plasma.  The  volume  of  the  corpuscles  in  the  blood  must  also  be  determined. 
This  can  be  done  either  with  a  hematocrit,  or  by  the  method  described  below, 
which  depends  upon  addition  of  hemoglobin  solution  to  whole  blood,  and  the 
subsequent  determination  of  the  hemoglobin  concentration  in  a  portion  of  the 
plasma.    The  three  main  steps  in  the  procedure  are: 

1.  Withdrawal  of  a  preliminary  sample  of  blood  to  secure  plasma  for  use 
in  the  standard  solution,  and  to  furnish  a  sample  of  blood  for  determination 
of  the  corpuscle  volume. 

2.  Injection  of  hemoglobin  solution. 

3.  Withdrawal  of  blood  samples  a  few  minutes  later  in  which  the  concen- 
tration of  hemoglobin  in  the  plasma  is  determined  colorimetrieally. 

PREPARATION   OF    HEMOGLOBIN   SOLUTION  FOR   IN.JECTION 

Centrifuge  a  known  amount  of  blood  (a  few  c.c.  more  than  0.5  e.e.  for 
each  kilogram  of  body  weight  of  the  subject)  in  a  sterile  centrifuge  tube  until 
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the  corpuscles  liave  settled  fairly  completely.  Pipette  off  the  plasma  as  com- 
pletely as  possible  into  a  small  frradiiated  cylinder.  Add  to  the  cell  residue 
in  the  centrifufre  tube  enough  sterile  water  to  make  the  total  volume  twice 
that  of  the  orifriiial  blood.  Shake  to  thorouj^hly  liemolyze  the  cells.  Add  8.5 
milligrams  of  NaCl  for  each  c.c  of  water  added,  and  mix  by  shaking.  Centri- 
fuge to  remove  Avhite  cells  and  debris,  and  pipette  off  the  clear  red  solution. 
Approximately  1  e.c.  of  this  sfihition  is  injected  for  each  kilogram  of  body 
weight  of  the  subject. 

Teclinic. — Take  a  preliminary  sample  of  blood  in  the  usual  way,  using  about 
2  milligrams  of  potassium  oxalate  per  c.c.  to  prevent  clotting.  This  sample 
should  have  a  volume  of  from  10  to  15  c.c.  A  portion  of  this  blood  (2  c.c.)  is 
measured  into  a  centrifuge  tube  for  the  corpuscle  volume  determination,  or  a 
small  quantity  is  used  for  the  hematocrit  determination  of  corpuscle  volume. 
The  main  portion  of  this  blood  is  now  centrifuged,  and  while  this  is  going  on 
the  previously  prepared  hemoglobin  solution  (prepared  as  described  above) 
is  injected  intravenously.  The  quantity  used  should  be  about  1  c.c.  per  kilo- 
gram of  body  weight,  and  must  be  accurately  measured.  Approximately  2 
miniites  after  making  the  injection  a  sample  of  about  10  c.c.  of  blood  should 
be  withdrawn  (either  from  an  artery  or  vein)  and  if  convenient  a  second  sam- 
ple should  be  witlidrawn  about  two  minutes  later  for  a  cheek  determination. 
These  samples  of  blood  should  be  drawn  into  vessels  containing  2  milligrams 
of  oxalate  for  each  c.c.  of  blood,  and  should  be  centrifuged  as  promptly  as  pos- 
sible after  thorough  mixing  \vi1h  llic  oxalate. 

PKI:I>ARATI0X   op   the   standard   SOLT'TION 

The  dilution  of  hemoglobin  liest  adapted  foi'  colorimetric  determination 
was  found  to  1ic  appi-oxiinatciy  tliat  ol)tained  by  diluting  one  part  of  whole 
blood  to  two  Innidred  |)arts  with  water.  Since  tjie  color  of  plasma  \aries  in 
different  iiidividuals.  it  is  necessary  lo  mix  the  standard  witli  ]ilasina  in  ap- 
proximately the  same  (pianlity  as  is  present  in  the  unknown  solution.  Hence 
the  standard  solution  is  ])re]iared  by  mixing  proper  proportions  of  the  hemo- 
globin solution  used  for  the  injeetif)n  with  plasma  ol)taincd  from  the  prelimi- 
nary blood  sample,  and  i)roi)er  dilution  of  the  mixture  \\\\\\  normal  salt  solu- 
tion. For  preparing  the  standard  solution,  dilute  one  part  of  the  hemoglobin 
used  for  injection  to  five  volumes  with  0.85  per  cent  salt,  and  one  part  of  this 
solution  again  to  ten  volumes  with  the  salt  solution,  l-'inally  mix  a  iiortion 
of  this  solution  with  an  e(|ual  vohune  of  ])lasma  obtained  frcnn  tlic  preliminary 
blood  sainiiie.  This  linal  solution  is  em]iloyed  as  standanl  solution  in  the 
colorimeter,  l-'or  eompai'ison,  the  hemoglobin-tinged  plasma  obtained  by  cen- 
trifnging  the  sani|)le  (or  samples)  withdrawn  after  the  injection  is  diluted  with 
an  equal  volume  of  salt  solution.  The  standard  is  conveniently  set  at  a  height 
of  15  m.m. 

CAI.Crl.ATION  OK  UF.sri.Ts 

Let  N  reiu-esent  the  height  of  the  standard  in  niillinielers.  and  V  represent 
the  reading  of  the  unknown  in  millimeters.  Then  S  'S'  2  isini'e  the  jilasina 
withdrawn  was  diluted  1:1   with  salinel  will  repi-eseiit   the  relatixc  conrentra- 
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tion  of  hemoglobin  in  the  ori«iiial  plasma  as  compared  Avith  the  standard, 
which  figure  we  will  term  C.  Then  if  H  represents  the  number  of  e.e.  of  the 
hemoglobin  solution  injected,  H/C  x  100  will  give  the  number  of  e.e.  of  plasma 
in  the  body.  The  number  of  c.c.  of  plasma  in  the  body,  divided  by  the  percent- 
age of  plasma  in  the  blood,  and  multiplied  by  100  will  give  the  number  of  c.c. 
of  total  blood  in  the  body. 

Example:  Standard  is  set  at  15  mm.,  unknown  reads  18  mm.  15/18x2 
gives  1.66.  Then  if  12  c.c.  of  the  hemoglobin  solution  were  injected  12/1.66  x 
TOO  gives  734,  the  number  of  c.c.  of  plasma  in  the  body.  If  the  blood  was  65 
per  cent  plasma  then  734/65  x  100  =  1129  e.e.  of  blood  in  the  body. 

DETERMIN.\TION  OF  PLASMA  PERCENTAGE  IN  BLOOD 

Principle. — The  method  depends  upon  mixing  hemoglobin  with  whole 
blood  and  determination  of  the  concentration  of  hemoglobin  in  the  plasma 
after  eentrifuging.  It  offers  no  special  advantage  over  the  use  of  the  hema- 
tocrit but  is  quite  accurate  and  may  prove  serviceable  where  a  satisfactory 
hematocrit  is  not  available. 

Procedure. — To  2  c.c.  of  the  preliminary  samjjle  of  blood  in  a  centrifuge 
tube  add  an  equal  volume  of  hemoglobin  solution  which  represents  a  dilu- 
tion of  whole  blood  1:10.13  (hemoglobin  solution  II).  The  mixture  is  centri- 
fuged.  One  c.c.  of  the  supernatant  fluid  is  diluted  to  10  c.c.  with  0.85  per  cent 
salt  solution  and  this  colored  solution  read  in  a  colorimeter  against  a  standard 
solution  prepared  by  treatment  of  0.5  of  a  portion  of  hemoglobin  solution  II 

Tab;,e  I 
Blood  Volume  Figdkes  for  Normal  Dogs 


OOG 

WEIGHT 

PER   CEXT 

PER   CENT 

PLASMA 

BLOOD 

c'c.    BLOOD 

BLOOD    VOL. 

CELLS 

PLASMA 

VOLUME 

VOLUME 

PER  TOO  G. 
BODY  WT. 

EXPRESSED 
IN  FRACTIOX 
OF  BODY  WT. 

20 

13.46 

32.0 

68 

725.3 

1066.fi 

7.92 

1/12.6 

IS 

8.8 

24.0 

76 

516.7 

679.8 

7.72 

1/12.9 

1.1 

16.42 

.S7.4 

62.6 

842.6 

1346.1 

8.19 

1/12.19 

14 

10.68 

.",7.0 

63.0 

530.0 

841.3 

7.87 

1/12.6 

-2 

ll..-! 

.•■.7.4 

62.6 

700.08 

1118.3 

9.01 

1/11.0 

12 

8.8 

:Ui.l 

63.9 

466.6 

730.4 

8.30 

1/12.0 

10 

8.8 

36.1 

03.9 

538.2 

842.2 

9.57 

1/10.4 

SI 

14.72 

.■;i.6 

68.4 

823.2 

1205.6 

8.10 

1/12.2 

81 

14.80 

41.3 

.58.7 

676.8 

1182.9 

7.99 

1/12.5 

85 

11.0 

32.0 

68.0 

715.7 

1078.5 

9.80 

1/10.19 

85 

10.86 

28.0 

72.0 

744.4 

1068.8 

9.84 

1/10.16 

86 

16.04 

29.2 

70.8 

1133.3 

1620.7 

10.1 

1/9.89 

87 

6.4 

45.0 

55.0 

374.8 

700.4 

10.9 

1/9.13 

87 

.j.92 

36.0 

64.0 

342.9 

565.7 

9.55 

1/10.4 

90 

9.08 

37.4 

62.6 

546.9 

894.9 

9.85 

1/10.4 

f-1 

10.60 

40.0 

6(1.0 

550.38 

952.3 

8.98 

1/11.1 

<)1 

10.1  S 

37.4 

62.6 

548.3 

905.8 

8.8 

1/11.3 

92 

10.32 

45.2 

54.8 

556.07 

10.59.7 

10.0 

1/9.9 

9.3 

15.94 

40.0 

60.0 

653.96 

1124.9 

7.05 

1/14.1 
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with  an  e(iiial  volume  of  clear  plasma  from  the  preliminary  blood  sam|)le  and 
dilution  of  the  mixture  to  10  c.e.  with  0.85  per  cent  salt  solution. 

Calculation. — The  figure  obtained  by  dividiiif?  the  readinfr  of  the  standard 
by  the  reading  of  the  unknown  sohilion  gives  the  relative  concentration  of 
hemoglobin  in  the  solution.  By  dividing  the  total  volume  originally  in  the 
eentrifu^n'  lube  liy  this  figure  we  obtain  the  actual  volume  of  total  fluid  pres- 
ent (plasma  J-  hemoglobin  solution  added).  Uy  subtracting  the  volume  of 
hemoglobin  solution  added  we  obtain  the  volume  of  plasma.  Dividing  this  by 
the  volume  of  whole  blood  and  niulti|)l.\  ini;-  by  100  gives  us  the  percentage 
of  plasma  in  the  blood. 

Example. — Standard  set  at  15  iniii.-.  unknown  reads  12.2  mm.  Then 
15/12.2  =  1.22.  4  c.e.  (total  volume  in  centrifuge  tube)  divided  by  1.22  gives 
3.278.  Subtracting  the  2  e.c.  of  hemoglobin  sulution  added  we  get  the  figure 
1.278  c.e.  as  the  pla.sma  present  in  2  e.c.  of  blood.  The  1.278  2  x  100  =  63.9 
per  cent  of  plasma   in  the  bbuid. 

CdXTROLS   OF   THE   METHOD 

Hemolysis. — In  this  method,  as  in  any  which  depends  upon  colorimetric 
determination  directly  upon  the  plasma,  are  disturbing  factors.  If  care  is 
exercised  in  drawing  the  blood,  so  that  absolutely  no  clotting  occurs,  there  will 
be  little  trouble  from  hemolysis.  Very  prompt  centrifugation  of  the  blood 
samples  is  also  desirable,  since  blood  is  apt  to  hemolyze  on  standing,  even  for 
short  periods. 

In  Table  I  the  results  are  given  of  19  experiments  to  determine  the  blood 
volume  of  dogs  by  the  method  described  in  this  paper.  In  each  ease  the  hemo- 
globin solutions  were  injected  into  the  femoral  vein  and  the  blood  withdrawn 
through  an  oiled  cannula  inserted  into  the  femnral  artery  on  Tlie  same  side. 

T.U!I,E   II 

Values  Found  in  Repeated  DETEii.uiNATiONS 


DOG 

TIME 

WT.  IN 

PER  CEajT 

PLASMA 

BLOOD 

CO.  BLOOD 

BLOOD  VOL. 

INTERVAL 

KILOS 

PLASMA 

VOLUME 

voli:me 

PER  100  G. 
BODY  WT. 

EXPRESSED 
IN  FRACTION 
OF  BODY  WT. 

81 

14.72 

(iS.4 

82.'i.2 

1205.6 

8.10 

1/12.2 

11  (lays 

14.80 

58.7 

676.8 

1182.9 

7.99 

1/12.5 

8.5 

11.0 

6S.0 

71.-).  7 

1078.5 

9.80 

1/10.19 

11  days 

Ill.Sli 

72.0 

744.4 

106S.7 

9.S6 

1/10.16 

lll.li  60.0  5.-)0.:!8  952.3  8.9S  1/11.1 

7  dnys             10.18  62.6  548.3  905.8  8.8  1/11.2 

6.4  55.0  374.8  700.4  10.9  1/9.13 

7  days             5.92  64.0  342.9  565.7  9.55  1/10.4 


]>oeal  cocaine  anesliiesia  was  ciniildynl.  ||  will  lie  ncited  thai  tlie  results  vary 
from  7.7  cc.  lo  10.9  c.e.  per  100  grams  of  liody  \\cii;lii.  nr  from  about  I  10  to 
1/14  of  the  liddy  wci^dit.  These  re.sidts  are  in  ai,'rccinciit  with  tlidsc  rcpnrlcd 
by  other  observers  with  other  methods. 

Table    II    ri'cords   duplicate   ileterin  inat  ions   of   the   libnid    \dluiiie   on    fmir 
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dogs  at  intervals  of  seven  or  eleven  days.  The  results  show  excellent  agree- 
ment. 

Studies  were  also  made  to  determine  the  rate  of  disappearance  of  hemo- 
globin from  the  circulation.  In  these  experiments  samples  of  blood  were  taken 
from  a  cannula  inserted  into  the  femoral  artery,  at  intervals  of  1.5,  3,  5,  10 
and  (in  one  ease)  20  minutes  after  the  hemoglobin  injection.  The  results  are 
summarized  in  Table  III.  It  will  be  seen  that  three  minutes  after  the  injection 
of  the  hemoglobin  more  than  98  per  cent  is  still  present  in  the  blood  stream. 
Indeed  samples  taken  at  1.5  and  at  3.0  minute  intervals  almost  always  sho-W 
excellent  agreement.  At  the  end  of  five  minutes  the  loss  of  hemoglobin  aver 
ages  about  three  per  cent,  and  after  ten  minutes,  4.2  per  cent. 

Experiments  have  been  carried  out  to  test  the  accuracy  of  the  method  sug 
gested  for  the  determination  of  plasma  and  corpuscle  volume  both  by  com- 
parison with  hematocrit  readings  and  by  artificially  increasing  the  corpuscle 
content  of  blood  samples  by  removal  of  measiired  quantities  of  plasma.  The 
maximal  errors  found  by  the  latter  method  amounted  to  2.6  per  cent,  so  that 
we  may  conclude  that  the  method  is  accurate  to  within  two  or  three  per  cent. 

Summary. — A  simple  method  for  the  determination  of  plasma  percentage 
and  plasma  volume  in  living  animals  is  described.  From  these  two  factors  the 
total  blood  volume  can  be  calculated.  The  blood  volume  of  normol  dogs  aver- 
ages about  1/11  of  the  body  weight.  While  the  method  has  not  yet  been  tried 
with  other  animals  than  dogs,  there  is  no  apparent  reason  that  it  cannot  be 
applied  to  any  species. 

Table  III 
Relative  Coxcextratiox  of  Hemoglobin  ix  Plasma  after  Its  Injection 

(1.5  minute  sample  taken  as  100) 

DOG  1.5  MIN.  3  MIN.  5  MIN.  10  MIN.  20  MIK. 


SI 

100 

96.2 

96.2 

81 

100 

99.2 

97.7 

8.5 

100 

97.0 

97.0 

98.1 

85 

100 

95.9 

94.9 

93.0 

S6 

100 

93.3 

93.3 

87 

100 

95.5 

95.0 

90.0 

87 

100 

102.0 

102.0 

100.6 

90 

100 

96.9 

90 

100 

100.5 

98.6 

96.5 

91 

100. 

99.1 

94 

91 

100 

101.0 

99.7 

98.5 

92 

100 

99.3 

93 

100 

96.0 
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A  STANDARD  METHOD  FOR  PREPARING  AND  STANDARDIZING 
LIPOIDAL  ANTIGENS  FOR  THE  WASSERMANN  TEST- 


By  L.  G.  Hadjopol"los,  M.D.,  New  Youk  City 


SINCE  the  tiiiic  wlicii  tlu"  (■(iinplemeiit-fixation  test  has  found  its  practical 
application  as  the  \Vasscnii;iiiu  reaction  in  the  diagnosi.s  of  syphilis,  the 
study  of  the  iiaturr  of  liiinidal  antigens  has  deservedly  attracted  much 
attention. 

Wasserniann  and  Hruck  in  llicir  original  investigations  used  first  watery 
and  later  alcoholic  extractives  of  syphilitic  livers  with  the  idea  that  they 
were  dealing  wilh  a  spccifir  i-(ini])lenient-fixation  test.  Tliis  idea,  however,  was 
soon  abandoned  when  the  n(nis|iecific  nature  of  the  sypliilitic  antigens  was 
known  from  actual  tes1s  cdnchicted  with  alcoholic  extractives  of  noi-nial  tissue 
I'ich  in  li]iins.  (.Marie  and  i.i-vaditi,  Landsteiner,  Forges,  and  Meier  Weil  and 
Braun,  Noguchi,  etc.) 

On  further  study  of  such  tissue  extractives  (Sachs,  Browning  and  Cruik- 
shank,  Walker  and  Swift)  introduced  the  addition  of  very  small  amounts  of 
cliolesterin,  thus  increasing  considerably  the  sensitiveness  of  plain  extracts. 
Noguchi  observed  that  cliolesterin,  as  well  as  certain  other  uiulesirable  products 
of  the  nature  of  ]iroteins  solul)le  in  alcohol  (that  are  usually  found  in  ordi- 
nary tissue  extractives),  rendered  tlu'  antigens  less  sjiecific  in  direct  jiropor- 
tion  to  their  (luantity.  ('onse<iuently  Noguchi  devised  a  niethod  l)y  whiidt  In' 
could  separate  the  relatively  pure  lipins  from  the  other  undesiral)le  extrac- 
tives. In  general  his  iin-llind  consists  in  precipitating  lipoids  from  an  cthcrial 
solution  by  the  addition  of  acetone. 

As  a  natural  (Uitconu'  of  the  above  studies  we  now  possess  four  ditVci'ent 


•"rom   the  n<?parimeiit  of  Laboratories  of  Utlh   Isr»el  Hospital,   Ntw   York  City. 
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antigens.  The  syphilitic  tissue  extractive,  the  normal  tissue  extractive,  the 
eholesterinized  or  reenforeecl  tissue  extractive,  and  tlie  acetone-insoluble  frac- 
tion of  Noguchi. 

A  casual  examination  of  the  literature  on  the  Wassermaun  reaction  will 
disclose  the  fact  that  the  study  of  the  antigen  (the  most  important  of  all  items 
entering  into  the  reaction)  has  so  far  been  rather  neglected.  Much  time 
and  labor  have  been  spent  in  finding  some  new  method  to  produce  a  more 
potent  or  sensitive  antigen,  but  relatively  little  has  been  done  to  establish 
a  strictly  scientific  method  for  the  standardization  of  the  complement-fixing 
value  of  Wassermauu  antigens.  Thus,  for  example,  all  the  pioneers  in  this 
field  of  research,  Wassermann,  Bruck,  Sachs,  Browning  and  ilcKenzie,  Thomas 
and  Ivy,  Walker  and  Swift,  Field,  M.  Stern,  etc.,  still  use  either  an  arbitrarily 
fixed  dose  of  some  preparation,  or  a  known  fraction  of  the  dose  which  by  itself 
is  not  anticomplementary.  There  is  no  doubt  that  almost  all  of  them  make 
a  preliminary  titration  of  the  relative  fixing  value  of  their  antigen  to  de- 
termine the  specific  and  nonspecific  (anticomplementary)  limits;  but  the  way 
such  titrations  are  made  is  invariably  open  to  criticism  of  being  far  from 
scientific. 

To  illustrate  the  above  statement  we  will  briefly  explain  the  method  of 
titration  used  by  the  New  York  Department  of  Health  Laboratories.  They 
take  for  example  as  their  dose  a  fixed  amount  of  a  given  strength  of  dilution, 
one-fourth  of  which  should  give  complete  fixation  of  the  unit  complement  iised 
in  the  actual  test,  in  presence  of  a  strongly  positive  serum  and  which  in 
quantities  3'  to  4  times  as  large  should  not  be  anticomplementary. 

Before  I  proceed  any  further,  let  me  state  in  advance  that  given  an  anti- 
gen, irrespective  of  the  method  of  jireparation,  the  degree  of  specificity  will 
bear  a  constant  ratio  to  the  amount  of  lipins  present,  provided  the  nonlipin 
fraction  in  it  is  always  constant. 

This  fact,  long  recognized  by  workers  in  this  field,  such  as  Field,  has 
led  to  the  attempt  of  standardizing  antigens  through  determining  the  amount 
of  solids  found  in  a  definite  volume  of  the  given  antigen.  Unfortunately  the 
relative  proportion  of  the  lipin  and  nonlipin  fraction  in  an  antigen  is  not 
always  the  same.  Field^  uses  an  alcoholic  extract  of  guinea  pig  hearts  reen- 
forced  with  cholesterin  to  half  saturation.  The  total  solids  in  his  antigens  vary 
from  5  to  8  milligrams  per  c.c.  This  A-ariable  item  is  corrected  in  the  final 
dilution  of  the  antigen,  so  that  one  c.c.  of  this  dilution  will  always  represent  0.1 
mg.  of  solids.  Noguchi,  on  the  other  hand,  goes  a  step  further  in  getting  rid 
of  the  nonlipin  fraction  by  precipitating  it  with  acetone,  thus  obtaining  the 
relatively  pure  semisolid  lipins  in  a  weighable  form.  This  method  would  be 
the  most  promising  of  all  the  rest  were  it  not  for  the  fact  that  the  acetone- 
insoluble  fraction  of  tissue  extractives  does  not  represent  their  total  anti- 
genic value.  On  running  parallel  tests  with  both  fractions,  acetone-insoluble 
and  acetone-soluble  one  can  easily  demonstrate  the  fact  that  acetone-soluble 
fraction  retains  a  great  part  of  the  antigenic  element,  though  it  is  less  specific. 
It  is  partly  due  to  this  fact  that  as  antigens,  comparatively  higher  concentra- 
tions have  been  used  of  the  acetone-insoluble  fraction. 
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The  following  will  be  an  attempt  to  handle  the  question  of  antigens 
in  mathematical  terms.  The  basis  of  all  complement-fixation  reactions  is  the 
degree  of  complement  deviation  in  terms  of  hemolysis  (the  indicator).  Con- 
sequently the  standardization  of  the  hemolytic  system  precedes  that  of  the 
antigen.  In  .spite  of  so  many  variations  introduced  in  the  original  Wassei*mann 
techuic,  the  standard  unit  of  1  c.c.  of  5  per  cent  suspension  of  sheep  cells  has 
been  more  or  less  adhered  to. 

Wassermann  in  his  original  work  used  whole  blood  to  make  the  5  per 
cent  suspension.  This  was  later  replaced  by  washed,  packed  cells,  thus  elimi- 
nating another  source  of  error,  /.  e.  the  variability  of  the  corpi;scnlar  volume  in 
whole  blood. 

Disregarding  the  possibility  of  nonuniformitj-  in  the  resistance  of  cells  of 
different  sheep,  let  us  temporarily  adopt  a  standard  unit  of  cells  to  which  our 
antigen  standardization  has  to  be  adjusted.  The  original  unit  of  1  c.c.  of  5 
per  cent  suspension  is  inapplicable  as  a  standard  unit  for  two  reasons :  It  de- 
mands unnecessary  waste  of  material,  especially  the  complement,  and  what  is 
far  more  important,  its  undue  bulk  renders  it  less  sensitive  as  an  indicator. 

During  the  last  decade  the  general  tendency  among  workers  in  this  field 
has  been  to  reduce  the  Wassermann  unit  into  I/2,  Vi,  or  even  %  of  the  original. 
To  safeguard  ag'aiust  all  these  variations  let  us  adopt  as  our  unit  1  c.c.  of  1 
per  cent  suspension,  as  this  amount,  in  addition  to  increased  sensitiveness  and 
economy  in  material,  has  the  advantage  of  being  easily  convertible  into  the 
original  5  per  cent  or  any  of  its  fractional  units. 

Then  our  unit  complement  would  he  the  least  aniount  that  is  capable  of 
hemolyzing  completchj  1  c.c.  of  1  per  cent  suspension  of  properhj  sensitized  cells. 

There  is  niucli  divergence  of  opinion  regarding  the  proper  scnsitizatinn  of 
cells.  From  2  u)i  I0  10  units  of  sensitizer  have  been  used  by  different  authors. 
Fortunately  in  oui-  antigen  titrations  we  depend  on  the  combined  action  of 
complement  and  sensitized  cells.  In  this  way  any  excess  or  deficiency  in  any 
single  item  is  finally  corrected  by  the  otlier  in  the  titration  of  the  complement 
prior  to  antigen  titrations. 

Ill  our  titrations  we  have  invariably  adopted  the  method  of  titrating  the 
comiiU'iiieiit  against  2  units  of  .sensilizer,  which  we  found  very  .satisfactory. 
The  antigen  unit  would  then  be  the  least  a)n()i(}it  capable  of  devialni<i  com- 
pleteUj  one  unil  of  coiiipleiHent  in  presence  of  e.ractly  one  unit  of  spicifie  reagen. 
The  .significance  of  this  has  been  only  casually  dwelt  upon.  The  present  system 
of  pluses  is  a  qualitative  denotation  after  all.  No  two  4-plus  sera  have  neces- 
sarily- the  same  anunnit  of  specific  reagen.  Therefore,  any  attempt  to  fix  a 
staiKhird  foi'  the  antigen  without  at  the  same  time  determining  the  \init  sjieeific 
value  ol'  1I1C  scrum  against  which  the  antigen  in  (|U('Nli(in  is  to  be  titrated  is 
bound  to  tail.  A  standard  unit  of  specific  reagen,  then,  is  the  least  amount 
capable  of  eleviatinr/  om  unit  nf  complement  in  the  presence  of  one  unit  of  anti- 
fjen.  Having  llins  dclini'd  our  tei-ms,  we  now  jiroceed  i«  the  arfual  a|)|ilirat  ion 
of  our  method. 
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TECHXIC  OF  THE  DETERIIINATIOX  OF  THE  STANDARD  UXIT  OF  AXTIGEX 

The  whole  process  is  divided  into  three  steps:  (1)  the  determinatiou  of 
the  minimal  fixing'  value  in  presence  of  a  known  strong  positive  serum.  (2) 
the  determination  of  the  approximate  standard  unit  of  the  antigen.  (3)  the 
determination  of  the  exact  antigenic  and  specific  units. 

The  process  of  determining  the  minimal  fixing  value  of  the  antigen  does 
not  differ  much  from  the  technic  actually  carried  in  any  other  laboratory: 
Make  an  arbitrary  dilution  of  the  antigen,  arranged  in  a  series  of  5  to  10 
test-tubes.     Each  tube  gets  one  unit  of  complement. 

The  unit  of  the  complement  is  determined  in  the  usual  way  by  finding  the 
minimal  amount  capable  of  hemolyzing  completely  1  c.c.  of  1  per  cent  sensi- 
tized sheep  cells.  The  preparation  of  1  per  cent  sheep  erythrocytes  needs 
no  special  comment,  as  long  as  it  is  serum-free  and  actually  measured.  As  far 
as  the  sensitizer  is  concerned,  two  units  of  sensitizer  per  unit  of  cells  is  safe 
enough,  although  a  half  and  half  proportion  would  be  more  scientific. 

Then  we  add  an  arbitrary  amount  of  known  strong  positive  serum,  say 
0.1  c.c.  and  finally  the  antigen  is  added  in  gradually  decreasing  doses,  say 
from  1  c.c.  to  0.05  c.c.  All  tubes  are  now  incubated  at  37°  C.  for  30  minutes 
and  1  c.c.  of  1  per  cent  sensitized  sheep  cells  are  added  into  each  tube,  in- 
cubated another  30  to  45  minutes  and  the  final  readings  taken.  The  smallest 
amount  of  antigen  that  gives  complete  fixation  of  one  unit  of  complement  as 
used  in  the  tests  is  considered  the  minimal  fixing  value  of  the  antigen  in  ques- 
tion. 

It  is  customary  in  different  serologic  laboratories  to  use  an  excess  of  com- 
plement, from  2  to  5  complement  units.  We  adopted  the  use  of  1  such  unit 
for  the  reason  that  by  doing  so,  besides  the  eeonomj^  in  material,  we  also 
eliminated  a  variable  factor,  and  our  results  can  easily  be  converted  at  any 
time  in  terms  of  any  other  laboratory  findings. 

Having  thus  determined  the  minimal  fixing  value  of  an  antigen,  we  now 
proceed  to  determine  the  approximate  standard  unit  antigenic  value.  Sup- 
pose the  minimal  fixing  value  of  the  antigen  to  be  0.5  c.c.  of  1:100  dilution. 
We  now  make  1:50  dilution  (twice  as  concentrated),  and  arrange  6  rows  of 
6  tubes  each.  (More  tubes  can  later  be  added  if  necessary.)  Every  tube 
gets  the  same  amount  (0.1  c.c.)  of  the  known  strong  positive  s.yphilitie  serum. 
Next,  the  complement  is  added  in  regularly  increasing  units,  so  that  the  first 
tube  of  each  row  gets  1  unit,  the  second  2  units,  etc.,  the  last  tube  of  each 
row  getting  10  units.  Finally  we  add  the  antigen  in  regularly  decreasing 
doses  so  that  all  tubes  of  the  first  row  get  0.05  c.c.  each,  those  of  the  second 
row  0.10  c.c.  each,  etc.,  tubes  of  the  last  row  getting  0.50  c.c.  each.  The  de- 
ficiency in  total  volume  is  made  up  by  adding  saline.  Then  tubes  are  shaken 
and  incubated  for  30  minutes  at  37°  C,  when  one  unit  of  sensitized  cells  is 
added  to  each  tube.  Again  they  are  shaken  and  further  incubated  for  30 
to  45  minutes  at  the  same  temperature,  whereupon  readings  are  taken  and 
results  tabulated.    Table  number  I  will  make  this  clear. 
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Table  I 

AXTIGEX  COitPLEMENT  IN  UNITS 

IN   C.C.  1  2  3  4  5  10 

0.05  c  c  c  c  c  c 

0.10  p  c  c  c  e  c 

0.20  11  p  e  c  c  c 

0.30  11  11  p  t-  e  e 

0.40  11  11  11  p  c  e 

0.^)0  11  n  11  11  p  e 

Explanatory   note:     c   denotes   complete   hemolysis,   p   varying  degrees   of  partial  hemolysis, 
anil  11  no  hemolysis  .-it  all. 

COXCLUSIOXS 

Table  I  shows  that  the  approximate  standard  unit  of  the  antigen  in  ques- 
tion lies  between  0.10  and  0.20  e.e.  of  the  1  to  50  dilution,  probablj-  at  0.15 
e.e.  But  we  do  not  know  yet  to  what  degree  the  antigen  unit  thus  determined 
is  influenced  by  the  strength  of  the  specific  reagen.  The  table  also  gives  an 
apiiroxiiiiate  estimation  of  the  extent  of  this  influence,  because  we  at  least 
know  thai  this  value  is  not  below  5  units  in  the  standard  quantity  of  0.10  c.c. 
above  usi'd.  since  by  our  deflnition,  0.10  c.c.  of  the  serum  is  capable  of  fixing 
at  lea.st  4  units  of  complement.  Its  failure  to  fix  more  than  4  units  of  com- 
plement may  be  due  to  two  reasons ;  either  the  scrum  has  no  more  than  4 
units  of  specific  reagen,  or  if  it  has  the  insufiiciency  of  the  antigen  added  ren- 
ders the  serum  ineffective  as  far  as  fixation  is  concerned.  This  aspect  of  the 
question  will  be  taken  up  in  the  final  stage,  where  the  exact  unit  values  of 
antigen  and  reagen  are  definitely  fixed.  Here  we  use  only  one  unit  of  com- 
plement for  all  tubes,  varying  our  antigen  and  sjiccific  reagen  within  their 
ajiiiroxiinate  unit  limits. 

T.VBLE  II 
SERUM  ANTIGEN  1:50  DIL. 

IN  C.C.  O.Oo  0.10  0.15  0.20 

0.00.5  V  V  V  T> 

0.010  p  p  p  n 

0.015  p  p  n  n 

0.020  p  p  n  n 

Explanatory  note:     ]<  denotes  varyin<j  degrees  of  partial  hemolysis,  n   denotes  complete  in- 
hibit inn  of  hemolysis. 

FINAL  CONCLUSION 

Taiilc  number  J I  shows  that  0.005  e.e.  of  the  serum  fails  to  exhibit  a  unit 
of  reagen,  while  0.01  c.c.  of  .serum  with  0.20  c.c.  of  antigen  fulfill  the  estab- 
lished requirements  for  a  unit.  0.015  c.c.  of  .serum  with  0.15  c.c.  of  antigen 
also  fullill  tlir  ri'(|uirements.  Either  one  of  the  combinations  might  be  safely 
used  as  a  sltindard  unit.  In  our  cxiicriiMicc  wc  always  found  it  safer  to  favor 
the  antigen  at  tlir  expense  of  thi'  scrum,  c-iinse(|uciitly  wc  would  adojit  as 
standard  unit  li.Dl  cc.  for  liic  scrnni  ami  O.'Jil  c.c,  for  the  antigen  in  a  dilution 
of  1  :50. 

The  fallacy  of  standardizin'^  the  antigen  against  any  given  strong  jiositive 
scrum    lies    in    the    fact    that    all    positive   sera    are    not    (piantitatively   alike. 
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Every  laboratory,  throiagh  habit  (ir  i'm-  certain  special  reasons,  has  sanctioned 
a  definite  dose  for  the  specific  serum.  This  dose  varies  from  one  drop  to 
0.20  CO.  The  other  ingredients  vary  more  or  less  in  proportion  to  the  serum 
used.  If  now  a  sernm  in  the  fixed  dose  of  .say  0.10  c.c.  results  in  complete 
fixation  of  the  complement  used,  it  is  called  a  4-plus  serum.  By  further  reduc- 
ing tlie  amount  of  serum  a  limit  soon  is  reached,  where  any  further  reduction 
of  the  amount  will  fail  to  fix  the  complement  completely.  Supposing  this 
lowest  quantity  to  be  0.01  c.c,  the  original  dose  of  0.10  c.c.  must  then  contain 
10  absolute  imits  of  specific  reagen.  By  standardizing  an  antigen  against  such 
a  strong  positive  serum  we  ignore  the  law  of  multiple  proportions  as  exhib- 
ited by  the  classic  studies  of  the  Bordet  and  Ehrlich  schools;  (V.  Dungern.- 
Morgenroth  and  Sachs,''  Manwaring,*  etc.).* 

Assuming  that  we  have  made  clear  the  question  of  an  absolute  unit-fixing 
value  of  the  antigen  we  now  proceed  to  determine  its  specific  (non-anticom- 
plementary)  and  hemolytic  values  before  we  decide  about  its  adaptability  in 
the  Wassermann  reaction.  These  two  values  are  arrived  at  as  usual  l>y  pre- 
paring comparatively  more  concentrated  dilutions  of  the  antigen,  so  that  tlie 
total  volume  used  in  the  previous  tests  is  not  exceeded. 

It  is  more  or  less  generally  agreed  upon  that  with  a  good  Wassermann 
antigen  the  minimal  anticomplementary  value  should  at  least  exceed  4  or  5 
times  the  minimal  fixing  value,  and  that  the  more  the  anticomplementary 
value  exceeds  the  specific  unit,  the  better  and  safer  the  antigen  is  considered. 

The  hemolytic  element  in  the  antigen,  is  not  often  met  with.  However, 
occasionally  a  tissue  extractive  will  exhibit  hemolytic  properties  in  amounts 
very  dangerously  small,  thus  interfering  with  its  specific  values.  Such  ex- 
tractives should  be  discarded  as  viseless.  A  hypothetical  antigen  answering 
the  above  description  can  be  represented  graphically  as  follows: 

Table  III 

A  Gr.vphic  Representation  of  the  Relations  Existing  Between  the  Vapjous  Properties 

OF  an  Ideal  Antigen 

Ix  Terms  of  Complement  Units 


ToT/K.     C^Pxct-r/        t^oH    Spici'nc    TlJiATlOV    I    //oMSPtciflc      fllltTi'O'l      I  //.♦e^fo /.CS/J  . 


We,  therefore,  collected  antigens  from  various  laljoratories  in  New  York 
City  and  determined  carefully,  in  accordance  with  the  scheme  already  out- 
lined, the  specific  and  nonspecific  antigenic  units.  We  then  computed  the 
ratios  of  these  two  values,  which  for  the  sake  of  convenience  we  called  the 
Specific  Coefficient.  For  example,  supposing  the  unit  antigenic  value  of  the 
given  dilution  to  be  0.10  c.c.  and  the  beginning  anticomplementary  value  of 
the  same  dilution  at  0.40  c.c,  the  specific  coefficient  then  would  be  0.10/0.40 

•II  we  could  only  abolish  the  unscientific  method  of  pluses  and  record  our  results  in  terms  of  the 
lowest  complement-fixing  values  of  the  specific  serum,  as  it  is  already  done  with  spinal  fluids  in  most 
laboratories,  we  would  establish  a  relatively  accurate  quantitative  method,  influenced  by  only  one  variable 
Item,   the  antigen,   whose  scientific   standardization  we  have   undertaken  to   discuss  in   the   present  article. 
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=  1/4,  wliii'li  means  lliat  tlie  aii1  ijjcnic  unit  is  ^j  nf  llio  liC'.'-itininy  aiilicdui- 
plemenlar.v    unit. 

The  antii;fns  iiniicr  inxcsti^at  ion  were  then  grouped,  ac'eoi-diiiir  to  their 
si)ecific'  coeffieients  under  the  folJoAvini;'  ehisses:  111  all  15  antigens  were 
tlms  examined  : 

Class  1.  All  antiijens  with  Specific  Coetticieiit  of  1  or  above  ].  Such 
antigrens  are  xci y  unsafe,  and  should  he  discarded.  Out  of  15  anti<rens  2 
came  under  tiiis  class,  one  plain  alcoholic  and  one  eholesterinized. 

Class  2.  Anti<>:ous  with  a  Specific  Coefficient  of  1/4.  Of  these  we  had  four, 
two  plain  alcoholic,  one  eholesterinized,  and  one  acetone-insoluble  fraction. 

Class  3.  Antigens  with  a  Specific  Coefficient  Vi-  Two  alcoholic  and  two 
eholesterinized  antigens. 

Class  4.  Antigens  with  a  Specific  Coefficient  of  Y^.  Under  this  class  we 
had  four;  one  plain  alcoholic,  one  acetone-insoluble  fraction,  and  two  eholes- 
terinized. 

Cla.ss  5.  Antigens  with  a  Specific  Coefficient  of  ^ '■,„.  Of  this  class  we  had 
only  one,  a  eholesterinized  antigen. 

Excepting  one  eholesterinized  antigen,  with  a  .specific  coefficient  of  i^o, 
the  Specific  Coefficient  of  all  the  rest  varied  between  i/o  and  ^;  in  other  words, 
the  total  fixing  eajincity  of  these  antigens  did  not  exceed  5  units. 

Noguclii.  in  his  1 k  on  Serum  Diagnosis  of  Syphilis,  puts  down  tlie  total 

specific  fixing  value  of  his  antigen  as  5  units.  Kolmer,  referring  to  the  Noguchi 
antigen,  makes  the  statement  that  it  contains  a  fixing  capacity  of  10  to  20 
units.  Thiele  and  Emleton^  use  0.20  e.c.  of  1:10  dilution  of  acetone-insoluble 
lipins,  which  they  state  to  be  from  50  to  100  units  in  complement-fixing  value. 
Bronfenbrenner."  in  his  article  "A  Procedure  for  the  Serum  Diagnosis  of 
Syphilis",  says.  "It  is  possible  to  prepare  this  antigen  (acetone  insoluble 
fraction)  in  such  a  way  that  Y-io  of  the  anti-complementary  dose  of  it  contains 
from  10  to  100  antigenic  units,  depending  upon  the  .serum  against  which  it  is 
tested." 

As  far  as  Xognclii's  own  stateuu'iit  is  concerned,  it  cournrms  with  ours. 
Kolmer's  figures  nlsn  must  nndoiilitedly  l)e  correct,  the  liigher  values  he  gets 
Ix'ing  due  in  all  pi'olinliilily  to  the  strong  positive  sera  against  which  his 
antigens  are  titrated.  Otherwise,  as  we  have  already  stated  above,  were  the 
antigens  in  question  titrated  against  a  single,  or  at  the  most,  a  double  tmit 
of  sjx'cific  reageii.  the  results  would  not  have  been  very  different.  Coming 
to  Bronfeiihrenner's  statement,  granted  tliat  the  samples  of  acetone-insoluble 
fractions  in  our  possession  \vere  inferior  to  his,  \\c  still  fail  to  understand  the 
wide  limit  of  valuation,  even  assuming  that  he  standardized  his  antigens 
against  varying  degrees  of  ]>ositive  sera,  consideriiiL;'  llnit  an  anligen  lias  l)ecn 
used,  whose  mode  of  preparation  is  more  stiindard  tli.in  of  an\  other  Wasser- 
niann  antigen.  J''urther  it  nmst  lie  el.Mily  undei'stoiHl  that  the  unit  \nlne  of  10 
to  lOU  is  ctjiitained  as  staled  by  Uronrcnlircnner.  in  ',,,  the  ant  icoiiipli'ini'iitary 
dose,  eonseiUH'nl  ly.  Ilie  Intal  fixing  value  wnuld  be  I'l'oni  lOO  to  loOd  units. 

Although  llronrcnbreniH'r  does  not  state  tlie  nietiiod  liy  wliieh  he  de- 
lerinines    the   specifi<'    lixini.'   capacity    of    his   anliLrcn,    his    staleiih'nt    that    the 
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antigenic  value  depends  upon  the  serum  against  •n-hich  it  is  tested,  leads  us  to 
infer  that  he  arrived  at  this  conclusion  by  making  quantitative  Wassermann 
tests  on  different  grades  of  positive  sera.  According  to  the  Xoguchi  method 
of  determining  quantitatively  the  specific  reagen,  the  standard  amount  of  pa- 
tient's serum  is  reduced  to  the  lowest  possible  limit  that  is  capable  of  still 
fixing  one  \init  of  complement.  For  example  if  a  serum  fixes  one  unit  of  com- 
plement in  ^50  or  Vioo  the  standard  dose  ordinarily  used  for  qualitative  de- 
terminations it  is  considered  as  50  or  100  unit  serum.  Thus  it  is  .self-evident 
that,  although  the  quantitative  fixing  value  of  the  serum  used  is  50  or  100,  the 
antigen,  in  the  process  of  determining  this  value  is  titrated  against  a  fraction  of 
this  value  and  only  one  unit  of  complement. 

The  disciLssion  of  the  subject  of  specific  coefficient  would  be  incomplete 
without  bringing  forth  a  A'ery  important  fact  concerning  the  relationship  of 
the  specific  coefficient  with  the  actual  specificity  of  the  antigens  under  con- 
sideration. It  must  be  clearly  borne  in  mind  that  the  specific  coefficient  gives 
the  relative,  not  the  absolute  specific  value  of  an  antigen.  An  antigen  with 
a  relatively  high  specific  coefficient,  say  Y^,  might  fail  to  detect  a  weak  posi- 
tive serum  which  another  one  with  a  lower  specific  coefficient,  \'2,  might  detect. 
After  all,  the  specific  coefficients  were  determined  on  very  strong  positive  sera 
that  could  be  detected  by  any  antigen  conforming  with  the  ordinary  antigenic 
requirements,  w^hile  most  of  the  discrepancies  in  Wassermann  reactions  arise 
from  doubtful  or  weak  positive  sera. 

"We  dealt  with  this  very  interesting  question  by  running  several  hundred 
routine  "Wassermann  tests,  simultaneously  with  all  antigens  in  our  possession.* 
The  results  are  the  following: 

Cholesterinized  antigens  give  more  positives  than  crude  extracts  do,  with 
the  difference  that  not  all  positives  with  cholesterin  antigens  are  syphilitic. 
The  crude  alcoholic  extracts  detect  from  40  to  60  per  cent  of  the  sera  that  are 
positive  with  the  cholesterin  antigens,  with  the  difference,  however,  that  false 
positives  are  rare  exceptions.  Our  figures  with  plain  alcoholic  antigens  are 
lower  than  those  given  by  other  investigators,  especially  when  they  \ised  the 
ice-box  fixation  method. 

The  degree  of  ab.solute  specificity  bears  a  distinct  relation  to  the  specific 
coefficient.  This,  however,  is  not  an  unexpected  finding  when  we  consider 
the  significance  of  the  .specific  coefficient.  An  antigen  with  a  total  fixing 
value  of  20  units  should  be  superior  to  one  with  only  4  units,  as  the  former  can 
be  used  in  amounts  as  small  as  ^o  the  anticomplementary  dose  and  still  repre- 
sent 2  units  while  the  latter  would  represent  the  same  value  in  i  o  the  dose, 
thus  rendering  its  use  rather  unsafe. 

On  further  investigation  we  found  that  the  amount  of  solids  contained 
in  a  definite  volume   of  antigen,  excluding  cholesterin  and  alcohol-soluble 

*Our  Wassermann  technic  consists  in  using  inactivated  serum  in  amounts  of  0.0.^  c.c.  for 
cholesterinized  and  0.05  and  0.10  c.c.  for  plain  alcoholic  antigens.  The  complement,  guinea  pig's 
serum,  is  titrated  daily  apainst  2  to  4  units  of  antisheep  sensitizer,  0.50  c.c.  of  1  per  cent  sheep  cells 
being  used  as  indicator.  For  the  actvf  il  tests  2  such  complement  units  are  used.  Of  cholesterin  antigens 
2  units  and  of  plain  alcoholic  extracts  2  to  4  units  are  used.  The  antigenic  unit  determinations  were 
made  as  described.  The  total  \olume  in  each  tube  is  always  1  c.c.  A  primary  incubation  of  30  to  45 
minutes  is  done  in  a  water-bath  at  body  temperature  for  the  fixation  of  the  complement.  At  the  end 
of  this  time  0.50  c.c.  of  I  per  cent  sensitized  sheep  cells  are  added.  In  about  30  to  45  minutes,  wherj 
the  antigen,   complement,  and  serum  controls  show   100   per  cent   hemolysis,   the   readings  are  taken. 
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proteins,  l)ears  a  direct  ratio  to  the  degree  of  ispecitieity  (if  tlic  aiitiiicn  in 
question.  The  major  part  of  these  solids  is  made  up  of  lipiiis  and  ecrtain 
other  bodies  akin  to  it,  the  diseussion  of  which  we  will  take  up  later. 

The  action  of  cholesterin  in  Wassermann  antigens  is  still  a  debated  ques- 
tion. There  is  no  doubt  that  cholesterin  increases  considerably  the  sensi- 
tiveness of  plain  extractives,  Init  Ihis  is  always  at  the  expense  of  their  speci- 
ficity. In  trained  hands  it  is  a  valuable  aid  to  detect  weak  positive  sera, 
especially  in  cases  under  treatment;  but  its  results  must  always  be  cheeked  up 
with  a  reliable  plain  extractive.  On  the  other  hand  cholesterinized  antigens 
in  onr  experience  were  almost  worthless  where  active  sera  were  used. 

The  statement  that  alcohol  is  a  general  protein  coagulant  is  of  relative 
truth  only,  depending  primarily  on  the  relative  purity  of  the  alcohol  used. 
For  by  extracting  dry  muscle  tissue  with  varying  grades  of  alcohol,  from 
50  per  cent  to  absolute,  we  noticed  that  tiie  more  dilute  the  alcohol,  the  more 
protein  it  will  hold  in  solution.  Again  the  more  concentrated  it  is,  the  richer 
it  will  be  in  nonprotein  extractives. 

By  far  the  most  interesting  of  these  findings  was  the  peculiai-  relationship 
between  an  antigen's  total  of  solid  contents  and  its  specificity.  Table  Xnniber 
IV  shows  very  clearly  all  these  relations  in  the  case  of  a  few  antigens,  taken  at 
random  and  showing  all  extreme  possibilities. 

Table  IV 

The  Specific  Coefficients  of  Various  Antigens  in  Eel.\tion  to  the  Total 
Solid  Contents  of  Sajie 
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Exiilanatory  notes:  Antigen  No.  5  is  prepared  in  accordance  with  the  directions  of 
Noguclii:  0.30  gnis.  of  the  lipin  mass  pins  1  c.c.  of  ether,  ]ilus  9  c.c.  of  methvl  alcohol,  thus 
representing  0.08  gins,  of  solids  tier  1  c.c.  The  figures  given  are  from  values  dlit.-iined  by 
titrating  it  against  inactivated  specific  sera. 

Figures  in  antigen  No.  (i  are  taken  direct  from  Noguclii 's  titrations  as  given  in  liis  liook. 

Antigen  No.  7  was  prc)>;ire(l  in  accordance  witli  the  technic  described  in  the  latter  part 
of  the  i)resent  article. 

Antigen  No.  8  is  the  cludesteriiiized  form  of  antigen  No.  7.  While  the  former  shows 
."id  units  per  standard  dose,  it  detects  only  .lO  to  (iO  |ier  cent  of  those  sera  that  are  positive 
with  antigen  No.  8. 

These  findings  led  us  to  at1eni|it  in  prepare  an  antigen  free,  as  far  as 
possible,  of  all  clciiieiits  of  error  and  specific  in  action.  On  accimnt  of  the 
peculiar  relationslii])  between  an  anligen's  total  of  solid  conliiits  and  its  rel- 
ative specificity,  and    given    that    the    highest    yield   in   solids    is   nhtaiiied    li.\ 
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keeping  the  strength  of  alcohol  as  high  as  possible,  we  devised  a  teehnic, 
whereby  it  was  possible  to  keep  the  alcohol  at  the  original  strength  through- 
out the  whole  process  of  extraction.  Thus  we  were  not  only  eliminating  the 
possibility  of  diluting  the  original  strength  of  the  alcohol  used ;  but  also 
avoiding  the  presence  of  those  undesirable  water-soluble  by-products,  which 
are  protein  in  nature.  Noguchi  calls  them  collectively  the  "iDroteotropic 
substances"  as  they  fix  complement  when  mixed  with  certain  pi-oteins  such 
as  nucleoproteins,  peptone,  albumoses  and  other  autolytic  decomposition  prod- 
ucts of  protein. 

TECHXIC  OF  PREFARIXG  AXTIGEX 

Heart  muscle  tissue  (ox,  guinea  pig,  or  human)  is  carefully  freed  of  its 
connective  tissue  and  fat,  washed  thoroughlj^  under  running  water  for  an 
hour  and  gently  squeezed  from  time  to  time  to  free  it  of  blood.  It  is  then 
wiped  in  cheese  cloth,  cut  into  small  cubes  and  chopped  finely  in  a  meat  chop- 
ping machine.  Both  the  liquid  and  the  solid  parts  are  collected  and  the 
latter  transferred  into  a  meat  pressing  machine.  The  liquid  that  drains  out 
is  collected  into  an  evaporating  glass  jar  to  which  the  fluid  portion  collected 
during  the  chopping  process  is  added  and  there  evaporated  at  body  tempera- 
ture or  under  the  sun  to  a  dry  powder.  Likewise  the  solid  parts  as  they  come 
out  of  the  pressing  machine  are  made  into  thin,  flat  cakes  and  dried  immediately. 
The  time  for  drying  should  not  exceed  a  few  hours  as  otherwise  protein  dis- 
integration due  to  autolytic  and  saprophytic  changes  might  vitiate  the  results. 

The  dry  tis.sue  is  now  passed  through  a  nut-grinding  machine  and  then 
pulverized  in  a  mortar.  To  this  the  powder  residue  of  the  liquid  portion 
is  also  added. 

To  10  parts  of  the  powder  by  weight  90  parts  of  absolute  ethyl  alcohol 
of  the  purest  quality  obtainable  are  added,  then  shaken  well  and  put  away  in 
the  incubator  for  extraction.  The  bottle  is  shaken  once  or  twice  daily.  At  the 
end  of  the  week  the  supernatant  amber-yellow  clear  fluid  is  decanted  carefully 
into  a  tightly  stoppered  gla.ss  bottle  and  stored  away  in  the  ice  box. 

An  antigen  prepared  in  this  way  is  very  rich  in  extractives.  The  chemi- 
cal composition  of  these  extractives  is  very  complex.  The  major  part  is 
made  up  of  various  aminophosphatids.  The  rest  consists  of  fats,  fatty  acids, 
especially  stearic  and  just  a  faint  trace  of  eholesteriu  and  soluble  proteins. 

In  the  course  of  a  few  months,  during  the  time  the  antigen  is  kept  in  cold 
storage,  certain  chemical  changes  take  place.  The  fat  and  fatty  acid  fractions 
combine  with  the  alkaline  elements  present  in  the  extract,  thus  forming  neu- 
tral salts,  soaps,  which  being  insoluble  in  alcohol,  are  precipitated  in  the 
form  of  white  chalky  granular  masses.  Part  of  the  fats  is  also  precipitated  as 
such,  being  caught  among  the  granules  of  the  soaps.  Thus  the  antigen  gets 
seasoned  automatically. 

An  example  of  such  an  antigen  is  antigen  No.  7  of  the  la.st  table.  Com- 
pared with  the  other  antigens  in  the  same  table  it  shows  0.026  gms.  of  solid  per 
1  c.c.  which  was  exceeded  in  this  respect  only  by  the  Noguchi  antigen  which 
is  but  artificially  made  to  contain  0.030  grams  per  1  c.c. 
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Its  specific  coefificiciit  is  from  10  to  100  times  less  than  that  of  any  other 
antigen  examined.  The  number  of  units  per  standard  amount  as  actually 
used  in  the  Wassermann  test  is  at  least  10  to  15  times  greater  than  that  of  the 
best  antigen  prepared  by  the  wet  method. 

As  far  as  its  al)solute  specificity  is  concerned,  this  could  be  ascertained 
only  by  performing  actual  Wassermann  tests  on  a  good  number  of  sera,  using 
antigens  prepared  by  both  methods,  moist  and  dry.  This  was  done  on  approx- 
imately one  tliousand  cases  taken  at  random,  the  results  being  the  following: 

1.  Plain  extracts  of  the  dry  method  compared  with  plain  extracts  of  the 
Avet  method  give  from  3  to  5  per  cent  less  positive  fixations,  with  the  dif- 
ference, however,  that  such  undetected  positives  come  under  the  class  of  weak 
or  doubtful  fixations.  In  the  majority  of  these  cases  the  history  and  signs  are 
against  syphilis.  In  other  words,  reactions  with  the  dry  method  extract  are 
either  clear  cut  positives  or  negatives  with  a  very  small  percentage  of  doubt- 
fuls,  and  nonspecific  fixations  are  extremely  rare  occurrences. 

2.  Cholesterinized  extracts  of  both  methods,  when  compared  together 
are  subject  to  the  same  remarks  as  stated  under  plain  extracts. 

3.  Plain  extracts  of  the  dry  process  compared  with  cholesterinized  anti- 
gens of  tlie  wet  process  give  results  which  are  indicated  in  the  following 
table,  No.  A'.  Tlie  percentages  given  ar(>  computed  on  3.^0  undoubtedly  sypli- 
ilitic  cases  under  constant  observation. 


Table  Showing  the  Relative  Flking  Values  op  Plain  Dkv  Tissue  Extracth-es 
AND  Cholesterinized  Wet  Tissue  Extractives 

op  3.50  undoubtedly  syphilitic  cases,  by  history  and  signs 
cholesterinized  antigen  op  wet 
method  detects  as: 


\ 


ANTIG.  NO.  7  PLAIN  DRY 
DETECTS  AS 


^    '->  a  3  >  ii  5t-i:  c  5  ? 


Stroiifi  Positives 

42      % 

4      % 

0      % 

0      % 

46      % 

-  1.5  % 

Weak 

2.5  % 

8      % 

7.5  % 

0.5  % 

18.5  % 

-  5      % 

Doubtfuls 

0.5  % 

5      % 

7.5  % 

2.5  % 

15.5  9< 

-10.5  % 

Negatives 

2.5  % 

6.5  % 

11      % 

0      % 

20      % 

+17      % 

Totals  for  Choles- 

terinized Antigen 

47.5  % 

23.5  % 

26.     % 

3.     % 

100.     % 

Table  V  shows  that  strong  and  weak  fixations  are  almost  equally  well 
detected  l>y  botli  antigens.  The  main  discrepancy  lies  in  doul^tfiil  and  nega- 
tive fixations.  Cholesterinized  antigen  gave  26  per  cent  doubtful  fixations 
and  only  3  per  cent  negatives  out  of  350  undoubtedly  luetic  cases,  while 
j)lain  extractives  of  dry  method  gave  20  per  cent  negatives  with  If). 5  per  cent 
doubtfuls. 

The  liit;il  dilTiTciM'c  iif  17  inT  (•.■ill  in  favor  of  choicslcriiiized  antigen 
is,  liiiwcviT.  (it  minor  siunilicancc;  Ihmmiinc  tlic  ^rcal  iiiajiirily  of  cases  that 
gave  douhltiil  and  ncgalixc  lixatiims  wci-c  iiinlcr  pi-dlongcd  sjiccifii-  Ircatnicnt. 
Furthermore,   weak   fixaliims   with    clhiicsiciini/.cd    antigens   sIkhiIcI    lie    lakcii 
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very  reservedly.  Cliroiiie  cardiaes,  uephritics,  certain  acute  infectious  diseases 
as:  scarlet  fever,  measles,  pneumonia,  septicemias;  may  at  times  give  rise 
to  nonspeeitic  fixations  with  eholesterinized  antigens. 

To  sum  up,  we  can  state  \vith  full  confidence  tliat  plain  alcoholic  heart 
extractives,  guinea  pig  or  human,  jDrepared  and  standardized  as  outlined  in 
the  present  article,  are  preferable  and  less  liable  to  give  misleading  results 
than  cholesterinized  antigens  such  as  in  general  use  for  the  performance  of 
the  Wassermann  reaction. 

I  wish  to  thank  Dr.  Max  Kahn,  the  Director  of  Laboratories,  for  his  kind 
interest  in  this  work. 
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A  SIMPLE  DEVICE  FOR  THE  DEMONSTRATION  OF  HEART  BLOCK 
IN  THE  STUDENT  LABORATORY* 


By  Xathax  B.  Eddy,  M.D.,  Edmoxtox,  Caxada 

'T'HE  methods  in  common  use  in  the  student  laboratory  for  the  proiluction 
-*-  of  heart  block  are  the  Gaskell  clamp,  ligature  of  the  auriculo-ventricular 
iuuetiou  and  section  of  the  tissue  between  auricle  and  ventricle.  The  CTaskell 
clamp  in  the  hands  of  students  is  awkward  to  manipulate.  It  is  heavy  and 
must  be  balanced  nicely  to  keep  it  in  position  without  pressing  unduly  upon 
the  auricle.  It  is  an  additional  piece  of  apparatus  to  be  kept  clean  and  in 
working  order.  It  has  the  very  decided  advantage  of  producing  little  or  no 
injury  so  that  it  can  be  loosened  and  reapplied  if  the  first  attempt  is  unsuc- 
cessful. Ligature  of  the  auriculo-ventricular  junction  is  simjjle  but  one  must 
exercise  great  care  to  tighten  the  ligature  without  jiggling  the  heart  lever,  dis- 
torting the  record.  It  is  difficult  to  grade  the  amount  of  constriction  secured 
with  the  ligature  and  attempts  to  loosen  it  are  very  apt  to  damage  the  heart. 
On  this  account,  failure  at  the  first  attempt  in  many  cases  necessitates  the 
making  of  a  new  preparation.  Section  of  the  tissue  uniting  auricle  and  ventri- 
cle is  unsatisfactory  in  that  it  requires  too  fine  a  nicety  of  technic  to  show  any 
gradation  between  normal  beat  and  complete  heart  block.  Obviously  the 
damage  done  is  irreparable. 

The  apparatus  herein  described  developed  in  tlie  student  laboratory.  In 
principle  it  was  first  tried  by  one  of  our  students,  ^Ir.  F.  E.  "Wait,  on  his  own 
initiative.  It  requires  no  special  apparatus  since  the  parts  of  which  it  is 
composed  are  usually  available  in  a  teaching  lalioratory.     It  requires  no  skill 
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for  its  successful  application  and  a  minimum  of  care  to  avoid  distortion  of  the 
record.  The  damage  done  by  it  to  the  conducting  pathway  is  slight,  if  any, 
allowing  repeated  trials  to  be  made  with  the  same  preparation.  It  is  not  en- 
tirely rigid  so  that  the  auricular  beat  may  show  even  when  the  constriction  is. 
tight. 

The  parts  of  the  apparatus  asseinbled  are  shown  in  Fig.  1.  The  essential 
part  is  a  piece  of  silver  Avire  (wire  gauge  number  26)  doubled  and  run  through 
a  piece  of  fine  glass  tubing  (inside  diameter  2  mm.).  The  wire  projects  in 
a  loop  from  one  end  of  the  tubing,  making  a  "snare"  for  the  heart.  The 
ends  of  the  wire  projecting  from  the  other  end  of  the  tubing  are  caught  in 


a  liemostat.  Tlie  hcai't  is  drawn  u])  ihi-diigh  llic  wire  Iciop  as  far  as  the 
auriculo-ventricular  groove  and  then  is  connected  to  the  heart  lever.  The 
glass  tubing  is  supported  in  a  clamp  on  a  stative  with  its  smootiu>d  end  in 
contact  with  the  heart.  The  "snare"  is  tightened  about  the  heart  by  simply 
drawing  the  wire  through  the  tul)e,  slowly  and  steadily,  as  desired.  The  rod 
(t  and  clamp  F  (Fig.  1  )  ai'c  not  essential,  but  serve  to  support  and  steady  the 
hemostat.  The  movement  of  the  clamp  and,  therefore,  of  the  hemostat  is  made 
smooth  by  applying  a  drop  of  oil  to  the  rod.  Tlie  claini)  also  makes  it  i)ossible 
to  arrest  and  iiold  the  constriction  attained  at  any  liiiic. 

Tracings  made  with  this  device  are  shown  in  Figs.  2,  3,  and  4.    The  trac- 
ing in   Kig.  3  is  especially  of  note  a.s  it  is  a  j)art  of  a  series  of  seven  "heart 
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blocks"  obtained  hi  one  preparation  in  rapid  succession  with  complete  re- 
covery of  normal  sequence  of  cardiac  activity  intervening  each  time.  Both 
records  in  Fig.  2  were  made  from  the  same  heart. 

This  apparatus  for  student's  use  was  devised  for  and  is  particularly  ap- 
plicable to  the  frog's  heart.  It  might  be  possible  to  apply  it  to  the  turtle's 
heart  by  using  heavier  wire  with  more  spring  and  larger  glass  tubing.  The 
Gaskell  clamp,  however,  works  entireh-  satisfactorily  on  the  heart  of  the  tur- 
tle since  it  is  easy  to  make  simultaneous  records  from  auricle  and  ventricle. 


THE  EXPOSURE  OF  THE  CILIARY  GANGLION  IN  THE  DOG  FOR  USE 
IN  EXPERIMENTAL  WORK* 


By  a.  R.  Cooper  axd  J.  T.  Groot,  Chicago,  III. 


THE  literature  bearing  upon  the  pharmacolog.y  and  physiology  of  the  ciliary 
ganglion  is  lacking  in  clarity  and  precision,  especially  concerning  the 
operative  procedures  involved  in  the  exposure  of  that  organ  (ef.  McGuigan: 
Jour.  Lab.  &  Clin.  Med..  1920,  6  (3)  :  161).  Therefore  at  the  suggestion  of 
Dr.  McGuigan  we  have  developed  a  method  which  was  demonstrated  at  the 
joint  session  of  the  Pharmacological  and  Physiological  Societies  at  the  meet- 
ings of  the  American  Association  for  the  Advancement  of  Science  held  Decem- 
ber, 1920.  at  the  University  of  Chicago.  And  since  numerous  requests  for 
information  as  to  the  exact  technic  used  have  been  received  we  thought  it 
advisable  to  present  the  method  in  detail  with  the  hope  that  it  might  be  of 
benefit  to  others. 

ilETHOD 

The  animal  is  anesthetized  in  the  usual  manner  and  then  fastened  upon 
the  table  on  its  side.  It  is  then  tracheotomized  and  the  anesthetic  adminis- 
tered by  means  of  the  ordinary  ether-bottle.  After  this  has  been  done,  the 
common  carotid  artery  on  the  side  to  be  used  is  ligated  in  order  to  lessen 
subsequent  hemorrhage,  particularly  in  the  orbit.  Beginning  at  a  point,  one 
to  two  centimeters  medial  to  the  medial  commissure  of  the  eye,  a  curved  in- 
cision is  made  through  the  scalp  and  extending  back  over  the  head  close  to 
the  median  line  to  the  base  of  the  ear.  From  the  anterior  end  of  this  incision 
another  is  made  at  right  angles  to  it,  extending  to  the  corner  of  the  eye, 
around  the  rim  of  the  upper  eyelid  to  the  zygomatic  arch  and  thence  for  a 
centimeter  or  two  farther  downward.  The  flap  thus  marked  out  is  reflected 
laterally,  care  being  taken  to  .secure  the  superficial  temporal  vessels  situated 
just  in  front  of  the  base  of  the  ear.  The  temporal  muscle  thus  exposed  is 
carefully  raised  from  the  skull,  beginning  at  the  center  of  its  upper  margin 
and  workiug  downwai-d  in  both  directions,  proceeding  cautiously  in  the  region 
of  the  orbit.    Replace  the  muscle  temporarily  and  then  remove  the  zygomatic 
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arcli.  This  is  done  by  dissecting  aloii"'  its  uj^per  and  lower  liorders,  sawing 
through  its  roots  as  far  backward  and  forward  as  possible,  the  anterior  cut 
coming  well  beneath  the  eyeball,  and  then  raising  it  from  the  underlying  tis- 
sues which  obviously  necessitates  cutting  througli  the  lower  end  of  the  orbital 
ligament.  The  temporal  muscle  can  now  be  easily  dissected  free  from  the 
coronary  process  of  tlie  mandible.  The  coronary  process  is  then  removed  with 
bone  forceps,  or  the  jaw  depressed,  by  stuffing  a  towel  into  the  animal's  mouth. 
Next  the  orbital  ligament  is  cut  away  with  scissors,  injury  to  the  insertions  of 
the  extraocular  muscles  which  lie  immediately  beneath  it  being  avoided. 

A  superficial  pad  of  fat  covering  these  muscles  will  be  encountered;  it  is 
carefully  dissected  away  with  forceps,  beginning  well  forward  and  working 
backward.  Locate  the  insertion  of  the  external  rectus  muscle;  cut  through  it 
close  to  the  sclera;  holding  the  free  end  with  a  beniostat,  carefully  dissect  it 
back  towards  its  origin  in  the  depths  of  the  orbit,  and  sever  it  with  a  pair  of 
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line-j)oint('(l  scissors,  l-'roiii  luiw  tin  tlie  field  of  operalioii  must  be  kej)t  ab- 
solutely clear  of  all  ndziiiii  rniiii  vcr\-  small  xcssels  which  may  be  unavoidably 
cut:  and  ///  jiiniiculitr  lln  (ii>lillnil mic  nssris  wliich  will  hi  ((nisldnthi  cn- 
couiilcmJ.  The  oplitliiilmic  vrin  is  sitnated  just  bebiiul  llic  pciiiit  wlicrc  tlic  ex- 
ternal iN'cdis  is  s('\cr('(i  ami  :is  it  is  iMimparat  ix'cly  large  it  is  very  liable  to 
be  cut  if  suflieieiit  ciire  lie  not  taken.  The  oplit  halmie  artei'v  on  the  other 
hand  is  situated  farther  forw  ai'd  ;  it  crosses  tlie  infi'rior  rectus  muscle  from 
a  lateral  position  posterioi'ly  to  ii  point  bi'ueatli  the  optic  iierxc  aliout  half  way 
along  the  length  of  the  iiuiscle.  .Moi'e  fatty  tissue  which  is  imw  met  with  iiiusi 
be  dissected  from  the  surfaces  of  llie  infra  ami  the  siipi-alateral  (piai't ts  of  llie 
retractor  oculi  muscle.  After  doing  this  oi-ient  the  eyebiill  propi'i-ly  by  re- 
plai'ing  the  insertion  of  the  external  rectus  muscle  in  its  oiiLiinal  lateral  posi- 
tion. Til  order  to  enlai-'je  the  lield  of  operation  the  superior  rectus  muscle 
nia\'  now  be  renio\-cil  as  was  tin'  external   rectus,     IT  this  Ik'  done  great  care 
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must  Ix'  taken  to  avoid  cutting  the  ophthalmic  vein  which  has  an  even  closer 
relation  to  the  point  of  origin  of  this  muscle  than  to  that  of  the  external 
rectus.  Detach  the  infralateral  section  of  the  retractor  oeuli  muscle  at 
its  insertion  on  the  eyeball  and  remove  it,  carefully  dissecting  it  away  from 
the  structures  immediately  beneath  it  (the  ophthalmic  artery  in  particular) 
and  cutting  it  off  well  back.  Likewise  remove  the  supralateral  section  of 
the  retractor  ocnli  muscle  which  also  takes  origin  just  beneath  the  ophthal- 
mic vein.  A  nerve  will  be  seen  crossing  the  anterior  half  of  the  inferior 
rectus  muscle  from  a  medial  to  a  lateral  position  and  disappearing  forward  under 
the  ventral  end  of  the  muscle.  This  is  the  branch  of  the  inferior  ramus  of 
the  oculomotor  nerve  which  goes  to  the  inferior  oblique  muscle.  Follow  this 
nerve  backward  and  medially  and  the  ophthalmic  artery  will  be  seen  to 
cross  it  about  half  way  along  the  dorsal  surface  of  the  inferior  rectus  muscle. 
Just  behind  the  ophthalmic  artery  the  minute  branches  of  this  nerve  supply- 
ing the  inferior  rectus  muscle  may  be  seen.  Continue  following  this  branch 
medially  and  beneath  the  inframedial  section  of  the  retractor  oculi  muscle 
until  it  is  seen  to  unite  with  another  branch  coming  from  the  medial  portion 
of  the  orbit  from  underneath  the  optic  nerve.  This  is  the  branch  of  the 
inferior  ramus  of  the  oculomotor  nerve  which  supplies  the  internal  rectus  mus- 
cle. By  gently  raising  the  inframedial  section  of  the  retractor  oculi  and  the 
optic  nerve  together  the  ciliary  ganglion  may  now  be  seen  in  the  angle  be- 
tween these  two  nerves.  From  the  ciliary  ganglion  the  short  ciliary  nerves 
pass  dorsally  and  somewhat  medially  to  the  optic  nerve  and  follow  it  closely 
to  the  eyeball ;  consequently  extreme  care  must  be  taken  to  avoid  them  in  the 
final  stage  of  the  operation.  This  consists  of  removing  the  inframedial  sec- 
tion of  the  retractor  oculi  muscle  and  the  small  amount  of  fatty  tissue  in  its 
immediate  neighliorhood. 

The  electrodes  used  in  stimulating  the  ganglion  should  be  curved  at  their 
tips  and  applied  from  the  direction  of  the  ophthalmic  artery,  that  is,  later- 
ally, by  hooking  them  niider  the  structure,  while  the  optic  nerve  is  held  to 
one  side.  By  carefully  examining  the  dorsal  surface  of  the  optic  nerve  the 
long  ciliary  nerve  may  be  seen  lying  in  juxtaposition  to  it  in  the  form  of  two 
or  three  very  delicate  filaments.  These  may  be  stimulated  directly  or  through 
the  cervical  sympathetics.  If  the  latter  is  done  we  have  found  it  advanta- 
geous to  separate  the  .sympathetic  strand  from  the  vagus  nerve  just  above 
the  inferior  cervical  ganglion  where  thej'  are  not  so  intimately  connected  as 
higher  in  the  neck.  In  some  dogs,  however,  the  sympathetic,  which  is  always 
the  smaller  of  the  two  and  uniformly  situated  laterally,  may  be  found  more 
or  less  separate  from  the  vagus  at  about  the  middle  of  the  neck.  Examina- 
tion of  the  heart  during  stimulation  will  indicate  whether  any  vagus  fibers 
are   involved. 

The  comparatively  large  field  afforded  by  this  method  of  exposure  lends 
itself  very  well  to  the  study  of  the  function  of  the  sympathetic  and  parasym- 
pathetic mechanisms  involved.  Drugs  may  be  applied  directly  to  the  ciliary 
ganglion  and  their  action  controlled  at  will;  or,  on  the  other  hand,  the  pre- 
ganglionic or  -postganglionic  fibers  maj-  be  stimulated. 
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Finally,  as  i^oiiited  out  by  .MeGui<ran  (1.  c).  the  whole  eye  may  lie  enu- 
cleated and  the  same  structures  stimulated  as  ])efore.  This  is  easily  done  liy 
dissecting-  the  organ  away  from  all  around  the  orbit,  keeping  close  to  the 
bone,  and  then  cutting  through  the  optic  nerve  and  all  of  the  structures  surround- 
ing it  with  a  pair  of  fine-pointed  curved  scissors,  the  tips  of  which  are  inserted 
above  the  eyeball  and  posteriorly  and  downward  as  near  the  optic  foramen 
as  possible.  Some  distinguishing  mark  should  be  placed  on  the  dorsal  mid- 
line of  the  ej'eball  for  the  sake  of  propei-ly  orienting  it  after  its  removal. 
A  little  dissection,  similar  to  that  detailed  above,  .suffices  to  disclose  the  ciliary 
ganglion  and  its  associated  nerves.  Such  a  preparation,  if  kept  in  a  shalloAv 
vessel  on  a  pad  of  cotton  soaked  Avith  normal  saline  solution  and  occasionally 
moistened,  or,  when  not  in  actual  use,  covered  by  a  similar  pad,  will  keep  in 
good  condition  and  show  contraction  and  dilatalion  of  the  pupil  for  half  an 
hour  or  more. 
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By  S.  :\L  Feinberg,  M.D.,  Chicago.  III. 


ONE  of  the  most  important  changes  in  the  cerebrospinal  fluid  in  a  variety 
of  pathologic  conditions  of  the  central  nervous  system  is  the  increase  in 
the  globulin  content.  To  determine  this  increase  in  globulin  the  ma.iority  of 
physicians  and  laboratory  technicians  employ  the  Ross-Jones  test,  this  being 
perhaps  the  most  useful,  simple,  and  conservative.  When  a  physician  ob- 
tains .spinal  fluid,  his  first  thought  is  to  test  for  a  pathologic  increase  in  globu- 
lin, this  usually  giving  him  his  first  iiil iiiiarnm  as  to  whether  the  siiinal  llnid 
is  normal  or  pathologic.  Coiiscqucnlly,  when  anything  interferes  with  the 
interpretation  of  the  test  so  that  the  clinician  cannot  be  sure  in  liis  own 
mind  whether  a  jxisitive  or  negative  Ross-Jones  test,  in  the  particular  speci- 
men of  fluid,  is  of  any  significance,  then,  our  of  the  most  xalualilc  bits  of 
information  ronccniing  that  sjiinal   Ihiid   is  lost. 

This  is  precisely  what  lia|)|)iMis  when  the  spinal  fluid  is  contaminated 
with  l)loo(l  due  to  ti'aunia  in  ])erfornnng  the  pinicfnrc;  and  this  occurs  more 

frequently   than   most   of   us   are   accustoi I    to    believe.      One   authorityf    in 

his  hook  on  sjjinal  fluid,  says;  "Jn  doing  any  gloiiulin  test,  one  must  make 
sure  at  the  beginning,  that  flic  fluid  is  perfectly  free  of  blood.  Should  there 
lie  any  blood  present  in  the  fluid,  the  globulin  test  will  be  ))ositive,  even  if 
no  i)athologic  process  exists."  Other  authorities  express  similar  opinions. 
Consequently,  we  are  led  to  believe  that  when  one  obtains  traumatic  blood 
in  the  spinal  Ihiiil  the  lilobiilin  tests  should  be  absolutely  disregarded. 

However.  1  had  frri|U('iit  ly  observed  that  the  amount  of  blood  in  the 
spiiud   fluid,   as   detci-iiiiiied    by    tlir   luiiiibci-    of   crvt  lii'ocytcs    per   cubic    milli- 
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meter,  made  a  difference  in  the  results  of  the  globulin  tests.  And  with  this 
observation  in  mind,  it  occurred  to  me  that  it  would  be  of  some  practical 
value  to  determine  experimentally  the  amount  of  blood  that  must  be  present 
in  the  spinal  fluid  in  order  to  give  positive  globulin  tests,  so  that  when 
subsequentlj'  a  spinal  fluid  is  obtained  that  contains  traumatic  blood,  we  may 
be  able  to  tell,  by  counting  the  number  of  red  blood  cells  per  c.mm.,  whether 
it  could  affect  the  globulin  tests.  A  series  of  experiments  was  done  using 
normal  spinal  fluid,  which  on  previous  examination  had  been  found  to  have  a 
normal  cell  count  and  negative  Ross-Jones  test,  and  later  found  to  have  a 
negative  Wassermann.  In  each  experiment  several  tubes  of  spinal  fluid  from 
the  same  case  Avere  used,  and  to  each  tube  was  added  a  definite  proportion  of 
Avhole  blood.  The  results  are  expressed  in  the  number  of  erythrocytes  per 
c.mm.  rather  than  as  the  dilution  of  the  blood,  because,  although  the  sei-um- 
globulin  is  the  portion  of  the  blood  which  affects  the  results,  the  number  of 
red  blood  cells  is,  nevertheless,  an  expression  of  the  total  quantity  of  blond,  and 
at  the  same  time,  it  is  comparable  to  the  test  for  which  it  is  intended.  The 
experiments  were  made  to  conform  as  much  as  possible  with  the  actual  prob- 
lem in  mind;  consequently,  very  little  normal  saline  was  iised  in  the  dilution 
of  the  blood. 

The  technic  of  each  experiment  was  as  follows :  Several  test  tubes 
were  filled  with  measured  amounts  of  spinal  fluid.  To  the  first  was  added 
1  CO.  of  blood  diluted  a  thousand  times  with  normal  saline.  Starting  with 
tube  one  successive  dilutions  of  the  blood  were  made  in  the  tubes  so  that  as  a 
result,  there  was  in  the  first  tube  the  amount  of  blood  necessary  to  give  1000 
erythrocytes  per  c.mm.  of  the  spinal  fliiid,  and  in  the  following  tubes  750, 
500,  333,  250,  125,  and  62.  The  resulting  mixtures  were  used  for  the  globulin 
tests.  After  several  trials  with  the  Pandy  test  it  was  found  to  be  unreliable 
and  difficult  to  judge,  and  it  was  decided  to  use  the  Ross-Jones  test,  as  this 
appeared  to  be  satisfactory.  Over  .6  c.c.  of  the  saturated  ammonivim  sulphate 
was  laj'ered  .6  c.c.  of  the  spinal  fluid  containing  blood,  and  the  positive  and 
negative  results  noted.    The  results  are  shown  in  Table  I. 

From  this  table  it  will  be  seen  that  the  resi;lts  are  fairly  constant  with 
several  normal  spinal  fluids  from  different  eases.     It  is  evident  that  in  none 


Table  I 
The  Koss-Jones  Test  in  Spi.n'al  Fluids  Containing  Blood 


SPINAL    FLUIDS 
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of  tlie  cases  was  there  a  ])iisitive  Rnss-.Joiu's  lest  willi  the  amount  of  hlooci 
necessary  to  give  250  erythrocytes  per  c.mni. ;  ih;it  in  the  dilution  of  333  and 
500  the  results  were  vari;iblc;  and  that  in  the  dilution  of  750  cells  or  over 
the  Ross-Jones  test  Avas  uniformly  positive.  Following  these  determinations 
the  results  were  applied  to  cases  with  spinal  fluids  which  were  actually  bloody 
because  of  trauma  and  the  results  appeared  to  be  of  clinical  value.  It  was 
also  noted  that  a  turbidity  of  the  spinal  fluid  caused  by  the  red  blood  cells 
was  recognizable  at  a  dilution  of  1  to  20.000  or  250  cells  per  c.mm. ;  in  other 
words,  at   a   dilution    too   hijih   to   o-ive  a   positive   Ross-Jones  test. 

rOXCLTSIOXS 

Fi'om  the  above  it  seems  evident  that  a  definite  amount  of  blood  nnist  ht- 
present  in  the  spinal  fluid  before  a  positive  globulin  test  is  obtained:  that  this 
amount  is  the  concentration  necessary  to  give  in  the  neighborhood  of  a  little 
over  300  cells  per  c.mm. ;  that  when  one  obtains  traumatic  blood  in  the 
spinal  fluid  with  a  positive  Ross-Jones  test,  if  by  determining  the  amount  of 
blood  present  it  is  found  to  be  below  the  necessary  limit  as  here  dcterniined. 
the  fluid   is  undoubtedly  pathologic. 


THE  TRAINING  AND  PROPER  RECOGNITION  OF  THE  LABORATORY 

TECHNICIAN 

By  R.  p..  II.  (Iradwohl.  M.D..  St.  Loris.  ^Mo. 

DL'RLXfJ  the  iiast  ten  xrars  there  has  been  a  rcmarUiilile  development  of  the 
so  called  clinical  laboratory.  The  number  has  become  so  large  that  it  is 
practically  impossible  to  man  these  in.stitutions  with  graduate  medical  personnel. 
The  reason  for  this  is  obvious:  .Most  young  physicians  from  whose  ranks  special 
workers  are  usually  drawn  jirefer  other  lines  than  laboratory  work  for  the  de- 
velopment of  their  special  faculties.  Only  a  small  number  deliberately  select 
the  lalwratory  as  a  permanent  career.  Home  enter  it  temiiorarily  as  a  stcpiiing 
stone  to  something  else,  usually  internal  medicine  or  snrj;'ei-y.  For  the  most 
jiai't  they  do  not  enter  this  field  at  all  even  tempurariiy.  Wc  are  thcrcrorc  con- 
fronted with  this  situation:  a  ra])idly  growin;^-  aiiprcciation  on  the  part  of  the 
jM'ofe.ssion  for  laboratory  hel|)  in  diagnosis;  tlu'  <'slablislinient  of  nnuc  and  more 
so  called  "commercial  laboratories"',  which  by  the  \\;\y  is  a  most  nnwan-anted 
and  objectionable  designation,  the  better  ecpiipmcnl  and  orizanization  of  labora- 
loi'ics  ill  hospitals  which  ai'c  taking  jjart  in  the  staiidanli/at  ion  jilan  now  under 
way;  the  (levelo])ment  of  ])rivate  laborat<uics  in  the  ofliccs  of  individuals  or 
groups  of  individiuds  |)raetising  iiiteriud  mediciiu>  or  surgery;  the  rapid  growth 
of  pidilic  lii'allh  biboi-atories,  nHinici|)al,  slate  and  national  :  all  this  has  created 
a  demand  for  workers  which  the  medical  schools  alone  coubl  hardly  supjily 
even  were  their  graduates  willing  to  enter  upon  this  career.  Inasninch  as  the 
medical   school   graduates   cannot   and   will    not    till    this   demand,    we   directors 
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have  rejoiced  in  tlie  fact  that  we  have  beeu  helped  materially  in  our  everyday 
routine  labors  by  the  advent  of  the  laboratory  "technician."' 

And  who  and  what  is  a  "laboratory  technician"?  He  or  she,  as  is  more 
commonly  the  case,  is  a  faithful  ally  and  helper  for  the  laboratory  chief  or  his 
assistants.  T  sliall  refer  to  "her",  as  the  number  of  male  technicians  is  so 
much  smaller  than  the  female.  I  do  not  know  when  or  where  the  terra  arose, 
t recall  in  my  younger  days  abroad  the  remarkable  feats  to  my  inexperienced  eyes 
of  the  so  called  "Diener"  of  the  German  laboratories.  We  might  consider 
therefore  the  American  laboratory  technician  as  a  transmigratory  and  glorified 
representation  of  the  "Laboratory  Diener"  of  the  olden  days.  It  is  sufficient 
to  say  that  at  the  present  time  there  is  a  grouji  of  women  (and  an  occasional 
man)  who  have  seriously  entered  upon  the  career  of  laboratory  technical  M'ork. 
Their  preliminary  training  has  been  as  variegated  as  that  of  the  medical  grad- 
uate of  the  pre-standard  days  of  medical  school  requii-ements.  Some  have  just 
"picked  up"  technic  aroimd  some  doctor's  office  or  laboratory,  and  have  little 
or  no  education  and  possibly  have  begun  their  medical  work  in  the  humble 
capacity  of  office  attendant.  Others  have  had  a  high  school  education  and  have 
then  secured  a  position  as  a  helper  in  some  hospital  or  public  health  laboratory. 
More  recently  a  number  of  college-bred  women  have  prepared  themselves  for 
the  work  by  taking  up  science  courses  and  then  the  special  medical  studies 
of  clinical  pathology,  the  recognition  of  pathogenic  bacteria,  serology  and  blood 
chemistry.  In  short,  just  as  the  demand  has  grovro,  so  has  the  supply  been  fairly 
made  adequate  by  this  entry  into  our  ranks  of  these  women  workers.  And  as 
a  better  appreciation  of  their  labors  has  been  manifested,  so  a  better  prepared 
class  have  entered  the  ranks.  There  was  a  time  when  in  referring  to  a  piece 
of  work,  some  physicians  might  disdainfully  say,  "this  was  done  by  some  tech- 
nician," and  thereby  indicate  his  scorn  of  the  result  and  finding.s —  that  time 
seems  happily  about  to  pass  for  the  reason  that  the  despised  technician  is  now 
doing  excellent  and  dependable  laboratory  tests.  Her  reliability  is  in  direct 
proportion  to  her  training,  her  experience  and  her  laboratorj^  direction  just  as 
is  the  case  with  any  other  special  worker  in  medicine.  I  have  known  women 
technicians  who  have  gone  the  length  and  breadth  of  the  land,  surveying  and 
watching  the  work  of  their  masters,  taking  special  courses  with  this  or  that  man, 
returning  to  their  laboratoi'y  work  much  improved  in  technic,  just  as  is  done 
by  all  workers  in  medicine  who  wish  to  keep  abreast  of  the  times.  Thei-e  is 
rank  injustice  therefore  in  the  remarks  of  those  who  attempt  to  belittle  the 
work  of  technicians.  There  are  technicians  and  technicians,  just  as  there  are 
doctors  and  doctors.  The  well-trained,  honest  and  reliable  technician  is  of 
inestimable  help  to  us  and  we  cannot  get  along  without  her.  The  main  question 
to  be  settled  regarding  the  work  of  the  laboratory  technician  is  just  how  far  these 
people  ought  to  go  in  making  a  laboratory  test  and  its  interpretation.  In  my 
experience  I  have  seen  a  number  of  technicians  who  are  sufficiently  well  trained 
to  conduct  all  of  the  standard  tests  of  a  laboratory,  to-wit :  clinical  pathology, 
serology,  blood  and  urine  chemistry  and  even  the  later  work  of  the  laboratory 
designated  under  the  title  "Basal  Metabolism."  Some  of  these  workers  are 
sufficienth'  intelligent  and  well  trained  to  procure  the  specimen  properly  from 
the  patient  and  carry  out  every  step  of  the  ]irocedure.     There  are  others  who 
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are  not  so  well  trained  iiiid  llicir  work  must  be  closely  supervised  and  con- 
trolled by  the  laboratory  director,  usiudly  a  man  with  a  medical  degree.  The 
point  I  want  to  emphasize  is  that  the  properly  educated  technician  is  fully  able 
to  carry  out  the  i"0utine  laboratory  tests  required  by  physicians  in  their  every- 
day pi-aetiee.  T  do  not  by  any  means  wish  to  say  that  these  people  are  qualified  to 
interpret  all  of  their  findings.  After  all,  the  manner  of  interpreting  laboratory 
findings  is  one  that  properly  belongs  to  the  medical  trained  laboratory  worker 
or  the  laboratory  trained  clinical  worker.  It  al.so  is  to  be  understood  that  my 
remarks  concerning  the  value  of  a  technician  in  the  laboratory  field,  in  so  far 
as  tissue  diagnosis  is  concerned,  is  that  they  are  qualified  to  make  sections 
but  not  to  make  diagnoses.  It  is  unnecessary,  of  eour.se,  to  emphasize  the  ne- 
cessity of  a  long  training  in  palliology  to  (Miuip  one  to  be  a  reliable  tissue  pathol- 
ogist. 

I  have  found  after  nuuiy  years  of  practical  experience  in  this  line  that, 
in  the  main,  women  workers  are  essentially  honest  and  conscientious,  the  posses- 
sors therefore  of  the  two  fundamental  qualities  in  laboratory  investigation. 
Leaving  aside  the  relative  dependability  of  the  male  versus  female  technician, 
we  are  face  to  face  with  this  situation  :  owing  to  the  great  demand  for  laboratory 
work  and  the  scarcity  of  medical  talent  to  perform  all  of  it,  we  must  look  else- 
where for  help  than  to  the  medical  school  product.  That  "elsewhere"  is  the 
laboratory  technician  group.  Since  their  work  is  highly  satisfactory,  it  be- 
hooves us  as  medical  men  to  whom  these  people  come  for  their  employment  to 
lay  down  eei-tain  standards  both  for  preliminary  training  and  technical  education 
which  we  consider  fitting  requirements  for  entrance  upon  serious  labor  of  this 
kind.  Medical  examining  boards  reinforced  by  the  remarkable  self-purifying 
process  undertaken  in  the  past  twenty  years  by  the  medical  schools,  urged  and 
helped  by  the  Council  on  Jledical  Education  of  the  American  :\Iedieal  Associa- 
tion, have  brought  order  out  of  chaos  in  American  medicine  and  are  producing 
a  medical  product  called  a  "physician"  who  is  really  i)roperly  trained  to  pur- 
sue his  calling  with  the  minimum  of  danger  to  the  individual  citizen  who  from 
time  to  time  is  designated  the  "patient".  The  medical  school  problems  are 
therefore  well  nigh  solved;  not  so  with  the  technician  question. 

We  have  no  state  medical  examining  boards  for  technicians.  Neitller  have 
we  organized  .schools  for  their  training.  Possibly  the  only  well-known  school  in 
America  was  that  initiated  a  few  years  ago  by  Doctor  John  Kolmer  of  the 
University  of  Pennsylvania.  This  we  understand  has  been  lately  abandoned. 
These  people  have  been  given  training  in  a  few  postgraduate  medical  .schools 
but  no  school  so  far  as  I  can  ascertain  has  been  conducted  for  the  jnirposc  of 
giving  a  woman  or  man  a  complete  technical  course  in  the  subject  of  clinical 
patiiology  or  clinical  laboratory  diagnosis.  Nor  docs  there  exist  so  far  as  I 
can  ascertain,  any  board,  co\irt  or  tribunal  which  passes  upon  the  qualifications 
of  these  so-called  technical  workers.  Duriuir  tln^  hite  war  their  sciviccs  were 
much  sought  after  for  d'overinncnt  work.  We  are  informed  tiial  the  Army 
employed  398  teehnii'iaiis  during  the  period  of  tiie  war.  Tlicir  services  were 
eminently  satisfactory  according  to  the  Army  aulliorities.  The  I'liited  States 
Public  Health  Service  also  uses  the  services  of  teelinieiinis.     They  secure  posi- 
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tions  after  taking  the  civil  service  examination.  There  are  various  grades  of 
laboratory  workers  used  in  the  public  health  services,  namely ;  Laboratory 
Assistant,  Junior  Bacteriologist,  and  Bacteriological  Technician.  Dr.  G.  W. 
McCoy,  Director  of  Hygienic  Laboratory,  Washington,  D.  C,  states  at  the 
present  time  they  are  using  about  15  technicians  in  that  institution. 

RECOMMENDATIONS 

1.  The  establishment  of  schools  under  proper  direction  for  the  training  of 
these  persons. 

2.  The  recognition  of  the  technician  of  experience  by  some  kind  of  board 
with  authority  to  pass  upon  fiualifications  and  give  a  certificate  of  merit  to  those 
who  deserve  it. 

3.  The  organization  by  the  laboratory  workers  themselves  of  an  association 
for  the  betterment  of  their  professional  status,  the  purging  of  incompetent 
workers  from  their  midst,  and  the  matter  of  propaganda  throughout  the 
land  among  women's  organizations  for  the  purpose  of  enlisting  the  interest 
of  women  in  this  work,  and  the  entrance  of  properly  trained  persons  into 
technicians'  schools. 

If  you  will  note  the  number  of  advertisements  each  week  in  the  columns 
of  the  leading  journals  for  physicians  or  hospitals  or  laboratories  asking  for 
technical  help,  you  will  gain  in  a  measure  some  idea  of  the  insistent  demand 
for  technicians.  If  j-ou  will  also  realize  how  difficult  it  is  to  engage  the  services 
of  a  technician  at  a  distance,  who  has  by  virtue  of  the  present  haphazard 
system,  no  certificate  except  the  letters  of  recommendation  of  her  past  enl- 
ploj'ers,  you  will  likewise  appreciate  the  difficulty  for  a  laboratory  director 
to  engage  these  people  without  a  try-out  which  at  times  is  very  expensive  and 
often  impossible.  How  much  better  would  it  be  were  the  prospective  techni- 
cian able  to  say,  "I  hold  a  certificate  of  ability  from -this  or  that  medical 
board,"  thus  simplifying  the  process  of  employment  considerably.  The  diffi- 
culties of  the  doctor  in  California  employing  by  letter  the  technician  in  Maine 
Avould  thus  be  materially  eliminated.  At  times  I  am  overwhelmed  by  the 
number  of  requests  for  technician  assistance.  And  even  when  I  manage  to 
get  the  address  of  some  technician  through  the  medium  usually  of  classified 
"Want"  columns,  there  ensues  a  long  series  of  letter-writing  before  the  two 
interested  parties  can  be  brought  together.  This  I  contend  might  well  be 
eliminated  by  some  sort  of  board,  possibly  some  volunteer  examinations  con- 
ducted by  a  representative  Bacteriologist  in  each  one  of  our  metropolitan 
cities. 


The  Journal  of 

Laboratory  and  Clinical 

Medicine 


Vol.  VI.  AUGUST,  1921 


Editor-in-Chief:  VICTOR  C.  VAUGHAN,  M.D. 

Ann  Arbor.  Mich. 

ASSOCIATE  EDITORS 

Dennis  E.  Jackson,  M.D.  ■        -      Cincinnati 

Hans  Zinsser,  M.D.     -  -        -          New  York 

Paul  G.  Woolley,  M.D.  -        •          Detroit 

Frederick  P.  Gay,  M.D.  -        -  Berkeley,  Cal. 

J.  J.  R.  MACLEOD,  M.B.   -  ■        -          Toronto 

Roy  G.  Pearce,  M.D.  -        •       Akron,  Ohio 

W.  C.  MacCarty,    M.D.  -  Rochester.  Minn. 

Gerald  B.  Webb,  M.D.  -     Colorado  Springs 

Warren  T.  Vaughan,  M.D.  -    Richmond,  Va. 

Victor  C.  Myers,  Ph.D.  -      -        New  York 


Contents  of  this  Journal  Copyright.  1921,  by  The  C.  V.  Mosby  Company— All  Rights  Reserved 
Entered  at  the  Post  Office  at  St.  Louis.  Mo.,  as  Second-Class  Matter 


EDITORIALS 


T 


The  Hemoglobin  Content  of  the  Blood 

\IK  csl  iniatinii  i)f  liomofjlobin  was  appart'iitly  the  lirst  clieuiieal  determina- 
tion ill  till'  l)i(Miil  1(1  find  extensive  clinical  application.  It  seems  unfor- 
tunate tluil  iiinst  of  tlie  estimations  recorded  should  have  been  made  employing 
an  empirical  scalr  with  100  as  the  normal,  especially  since  the  100  is  somewhat 
of  a  varialile  fartcir  w  ith  different  methods  owing  to  different  standardizations. 
Of  the  older  clinical  instiiimcnts  the  Fleiehl-]\Iiescher  aloue  is  standardized  to 
give  the  actual  ix-rcentage  of  hemoglobin.  Salili'  states  that  in  liis  original 
instrument  the  100  was  designed  to  corresi)oiul  \\\\\\  an  actual  liciiioi^lobin  per- 
centage of  17.2  per  cent.  TTaldane-  employs  as  a  staiulard  of  1(1(1  a  1  |)cr  cent 
solution  of  a  blood  lia\iii^  an  oxygen  capacity  of  18.5  per  cent.  Such  a  blood 
contains  a])proxiiiiatcly  14  grams  of  hemoglobin  ]ier  100  v.r..  a  (|nantity  rather 

below  that  fouiul  in  -nial  adult  blood  by  most  workers.     Ilablane  states  that 

with  noiniai  wouhmi  lie  foimd  an  average  oxygen  capacity  of  Ki.o  per  cent  and 
willi  cliililrcii  1(1.1  per  I'ciit.  thus  necessitating  a  different  standard  of  100  for 
women  and  children. 

The  heiiKiu'lobii ilciil    of  I  hi'   hi I    \arics   widely   not    only   in   disease 

but  also  liiiriiiir  different   a-;c  jicriods.  as  recently  jioiiitcd  out   by  Williamson. =" 
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For  these  reasons  it  is  much  more  logical  to  reeortl  hemoglobin  as  we  do  other 
blood  determinations  in  grams  per  100  c.c.,  or  actual  per  cent. 

"Williamson  has  taken  great  pains  to  definitely  establish  the  normal  hemo- 
globin content  of  human  blood  of  both  males  and  females  for  the  different  age 
periods.  His  figures  for  these  different  periods  were  made  -with  the  accui'ate 
spectrophotometric  method  and  were  the  average  values  found  on  fifteen  or 
more  individuals.  It  was  ascertained  that  during  the  first  two  weeks  of  life 
the  hemoglobin  content  exceeds  20  per  cent,  but  then  drops  rather  abruptly 
about  the  third  month  to  below  14  per  cent  and  does  not  pass  this  figure  until 
the  tenth  year.  During  the  adult  period  of  life  in  both  sexes  (from  16  to  70 
years)  the  hemoglobin  maintains  a  fairly  constant  level  of  slightly  above  16 
per  cent.  From  the  third  month  to  the  fifteenth  year  the  values  obtained  in 
the  female  appear  to  slightly  exceed  the  male,  although  from  16  to  60  the 
reverse  is  true,  the  hemoglobin  of  the  female  averaging  close  to  15.5  per  cent, 
while  in  the  male  it  reaches  nearh^  17  per  cent. 

A  few  observations  with  the  same  method  were  reported  a  little  earlier  by 
Meyer  and  Butterfield.*  An  average  of  seven  normal  men  gave  16.6  per  cent 
Tiemoglobin,  while  the  findings  for  six  normal  women  were  15.2  per  cent.  Since 
their  observations  were  made  in  Germany,  and  agree  closely  with  those  of 
"Williamson  made  in  this  country,  it  may  be  assumed  that,  for  ordinary  alti- 
tudes, the  hemoglobin  content  of  human  blood  for  the  adult  period  of  life  is 
relatively  constant,  being  about  1.5  per  cent  higher  in  the  male  than  in  the 
female. 

Bock''  has  recently  made  the  very  interesting  observation  that  the  blood 
plasma  volume  is  very  constant  under  normal  and  a  great  variety  of  pathologic 
conditions,  forming  about  5  per  cent  of  the  body  weight.  The  average  volume 
found  by  Bock  for  the  whole  blood  of  normal  individuals  was  8.2  per  cent, 
while  in  his  series  of  pernicious  anemia  cases  it  amounted  to  5.7  per  cent  and 
in  polycythemia  to  13.7  per  cent.  Since  the  plasma  volume  is  practically  con- 
stant, the  differences  in  the  blood  volume  in  these  two  conditions  is  obviously 
dependent  upon  differences  in  cell  content,  chiefly  in  that  of  the  hemoglobin 
cari-ying  red  cells.  Bock's  normal  cases  showed  a  hemoglobin  content  (recal- 
culated) of  16.4  per  cent,  whereas  in  pernicious  anemia  it  was  6.5  per  cent 
and  in  polycythemia  22.5  per  cent. 

Normally  the  total  solids  of  the  blood  amount  to  about  21  per  cent,  and  of 
this  fully  16  per  cent  is  accounted  for  by  the  hemoglobin.  This  being  the  case, 
hemoglobin  is  by  far  the  most  imjoortant  variant  in  pathologic  bloods.  Con- 
sequently its  estimation  should  prove  of  considerable  value  as  a  part  of  routine 
chemical  blood  analyses. 

Excepting  such  blood  diseases  as  pernicious  anemia  and  chlorosis,  where 
the  hemoglobin  content  of  the  cells  may  be  increased  or  decreased,  respec- 
tively, thus  giving  rise  to  a  high  or  low  so-called  "color  index,"  the  hemo- 
globin parallels  fairly  closely  the  numlier  of  red  cells,  and.  consequently, 
furnishes  little  added  information.  For  this  reason,  if  one  excepts  the  condi- 
tions mentioned,  a  hemoglobin  estimation  might  more  logically  supplement  a 
chemical  lilood  analvsis  than  a  blood  count. 
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Owiiin;  to  the  increased  number  of  eoloi-imetrie  methods  now  in  cDmmoii 
use,  especially  in  coiniection  ■with  the  ehemieal  analysis  of  blood,  a  standard 
colorimeter  (Duhoscq,  Kober.  Bock-Benedict)  has  become  a  part  of  the  neces- 
sary equipment  of  every  clinical  laboratory  at  the  present  time.  This  bein^ 
the  case,  there  is  no  reason  wliy  the  same  instrument  should  not  be  utilized  for 
the  estimation  of  liemogrlobin.  Adaptations  of  tlie  IIoppe-Seyler-Haldane 
car])oxyhemo<rloI)in  method  and  the  acid  liematin  method  of  Sahli  have  al- 
ready biH-n  made  to  tliese  instruments.  Obviously  the  accuracy  is  far  greater 
tlian  witli  the  microcolorimeters  ordinarily  employed  for  hemo<rlobin  esti- 
mation. 

In  the  past  one  of  the  greatest  difficulties  in  the  way  of  making  an  accu- 
rate colorimetric  hemoglobin  estimation  has  been  to  secure  a  correct  standard. 
This  is  now  in  a  fair  way  of  solution  owing  to  the  development  by  Van  Slyke" 
of  a  simple  gasometric  method  of  determining  the  oxygen  capacity  of  the 
blood.  Van  Slyke  employs  tlie  same  gas  burette  as  in  his  CO. -combining  power 
estimation,  andtiiis  instrument  is  now  in  nearly  every  clinical  laboratory.  As 
Smith,  Dawson,  and  Cohen'  have  ])nliitc(l  (nit.  ]n-i)liably  some  additional  fac- 
tors need  to  be  considered  in  making  an  absolutely  accurate  calculation,  but 
this  method  should  ultimately  furnish  the  basis  of  quickly  obtaining  a  correct 
hemoglobin  standard,  since  the  oxygen  capacity  of  blood  is  dependent  upon 
its  hemoglobin  content.  We  have  long  known  from  the  observations  of  Ilufner 
that  one  ]y,trt  of  hemoglobin  comliines  with  1.34  volumes  of  oxygen. 

Aniillicr  method  of  i'liccl<ing  Iienniglobin  standards  has  lieen  suggested  by 
Berman,**  viz.,  the  estimation  of  its  iroji  content.  He  has  described'  a  metiiod 
of  estimating  iron  in  blood  which  may  be  vitilized  for  this  purpose. 

Palmer'"  has  recently  described  a  modification  of  the  Haldane  carboxy- 
hemoglobin  method  which  may  readily  be  made  on  the  oxalated  bbiods  em- 
ployed in  chemical  analy.ses.  He  states  that  with  this  method  estimations  may 
be  made  in  two  minutes'  time  to  an  accuracy  witliin  about  one  per  cent.  The 
quantit.A-  nf  bliidd  rci|uire(l  Ml. (I.")  cc'i  is  so  small  that  satisfactory  results  may 
also  be  olitnincd  when  tiic  usual  clinical  method  of  obtaining  small  amounts 
of  I)1(jih1  Iiy  pricking  the  ear  or  finger  tip  is  carried  mil  witli  projier  care. 

Wlicn  care  is  taken  several  M-orkers  liavc  recently  slmwii  tliat  satisfac- 
tory results  may  l)c  olitaiiicd  witli  the  Saldi  acid  honaliii  method.  Three 
serious  ci'iticisms  nniy  be  made  of  this  method  as  it  is  ordinarily  carried  out 
clinieall.v:  The  standards  are  often  inaccurate,  the  dilution  colorimeter  cm- 
l)loyed  is  too  small  In  yield  accurate  results,  and  suffieii'nt  time  is  not  gener- 
ally allowed  for  the  eiilor  tn  dcvelo)).  Smith  and  ('nlien"  Iimnc  shown,  liowever. 
that  with  proper  care  (|uile  as  accurate  results  may  ln'  oblaini'il  with  this  as 
with  the  i'idiiier  method.  Robscheit'-  has  likewise  ])oin1e(l  out  that  when  at 
least  one  hour  is  allowed  for  tlie  color  to  develop,  she  was  able  to  obtain  as 
consistent  results  as  with  the  I'.diner  technic.  Ileriiian''  lias  also  shown  that 
lieating  for  one  minute  will  accom])lish  the  sam<'  puipns<'.  As  ,1  standard 
Newcomlier'''  emjiloys  colored  glass  |)lales,  Mdiich  nia.\'  be  ]ilaei'd  in  the  cups 
of  the  colorimeters.     Although  these  glass  standards  are  obviously  ])ermanent. 
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they  have  the  disadvantage  that  each  plate  requires  careful  standardization 
and  does  not  match  perfectly  the  acid  hematin  in  all  concentrations. 

It  is  suggested  that  the  time-honored  hemoglobin  test  would  yield  results 
■of  much  greater  clinical  value  if  more  attention  Avere  given  to  accurate  stand- 
ards and  methods,  and  the  results  then  computed  to  give  the  actual  percentage 
of  hemoglobin  rather  than  the  relation  to  an  indefinite  normal  in  parts  per  100. 
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Influenza  and  Tuherciihsis — .4  Postscript 

QUESTION  is  never  trite   until   it   is  settled.     Despite   the  formidable 

volume  of  literature  which  has  accumulated  since  the  influenza  pandemic, 
dealing  with  the  relationship  between  this  disease  and  tuberculosis,  the  views 
expressed  are  still  various  and  often  contradictory.  Much  of  this  literature 
was  anah'Zed  by  Vaughan'  in  a  very  thorough  and  critical  article  which 
appeared  in  this  journal  last  autumn.  What  we  have  to  say  may  be  regarded 
as  a  footnote  to  his  editorial. 

With  the  advantage  of  a  trained  scientific  mind,  Yaughan  was  able  to 
recognize  the  imperfect  quality  of  the  data  available,  and  the  opportunities 
for  fallacy,  and  his  conclusions  were  cautiously  expressed.  They  were, 
briefly,  that  different  ob.servations  on  this  subject  are  certain  to  vary,  because 
the  conditions  are  not  constant;  that  phthisical  patients  in  the  mass  are 
relatively  insusceptible  to  influenza;  but  that  they  frequently  do  contract  it, 
and  when  they  do,  it  hastens  their  death  from  tuberculosis  in  many  in- 
stances; finally,  that  latent  tuberculosis  may  be  activated  by  influenza. 

Recently  Fishberg^  has  emphatically  reiterated  his  radical  views  on  the 
subject.  He  writes,  "We  are  safe  in  concluding  that  influenza  has  no  etiologic 
relation.ship  to  tuberculosis."  This  opinion  is  based  chiefly  on  the  facts  that 
the  tuberculosis  morbidity,  judged  by  the  demand  for  sanatorium  treatment, 
and  the  tuberculosis  mortality,  judged  by  vital  statistics;  have  not  only 
shown  no  increase  since  the  pandemic,  but  have  actually  decreased. 

This  test  of  morbidity,  if  applied  to  a  limited  section  of  the  country,  in- 
volves obvious  possibilities  of  error.  According  to  Fishberg,  none  of  the  sana- 
toria in  New  York  are  filled.    In  Colorado,  as  far  as  our  observation  goes,  they 
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are  filled,  but  sliow  no  abnormal  conges!  ion.  The  south-western  states,  on 
the  other  hand,  are  said  to  be  crowded  willi  t  iibereulous  invalids;  but  it 
may  be  that  few  of  these  patients  come  froni  the  ADantic  seal)oard.  and 
that  Fishbcrfi's  observation  does  represent   a   real  (b'erease. 

]\rortality  statistics  are  more  reliable,  and  there  is  no  doubt  that  both  in 
America  and  Europe,  wherever  nutrition  is  adequate,  these  have  shown  a  de- 
cided decrease  in  the  tuberculosis  death  rate  in  the  last  two  years.  Even  here, 
however,  there  is  danger  in  hasty  conclusions.  It  has  been  pointed  out^  that 
a  disease  like  chronic  nephritis,  even  if  caused  by  influenza,  will  not  appear 
in  the  mortality  statistics  till  several  yeai's  later,  and  the  same  is  clearly 
(rue  nf  tuberculosis. 

AVe,  as  physicians,  arc  imbued  with  the  text  book  dogma  that  influenza 
is  among  the  chief  excitants  of  tuberculosis,  and  it  is  difficult  to  rid  ourselves 
of  it.  Once  free  of  it,  there  is  a  temptation  to  run  ahead  of  the  evidence 
to  the  opposite  extreme.  For  this  reason  it  seemed  desirable  to  consult  an 
ex]iert  statistician,  and  we  addressed  these  questions  to  Vice-President  Fran- 
kcl  of  the  Metropolitan  Life  Insurance  Company: 

1.  "What  is  the  average  duration  of  life  in  fatal  cases  of  tuberculosis, 
after  the  first  definite  signs  of  activity? 

2.  What,  in  your  experience,  has  been  the  effect  of  tlie  influenza  epidemic 
in  America  u]ion  tln^  tuberculosis  death  rate? 

His  reply.'  based  chiefly  upon  data  from  twelve  million  policy  holders 
in  the  Industrial   Depart  im-nt  of  his  Company,  was  as  follows: 

"1.  This  question  is  as  yet  incapable  of  answer.  To  answer  this  que.s- 
tion,  it  would  be  neces.sary  for  a  considerable  number  of  years  to  trace  the 
life  history  of  patients  from  their  earliest  symptoms  of  tuberculosis  until 
death.  As  you  can  see,  that  is  a  considerable  undertaking  and  no  one  has 
thought  of  doing  it  exee])1  for  very  limited  groups  in  I'crtaiii  sanatoria.  As 
you  probably  know,  this  defect  in  the  statistical  situation  is  lieing  remedied 
by  the  Xational  Tuberculosis  Association,  wliicli.  at  the  suggestion  of  Dr. 
Dublin,  has  recently  put  into  operation  a  complete  ])lan  of  record  lcee]iing 
for  all  sanatoria  of  the  country  that  will  cooperate.  Tliis  will  mean  that  here- 
after records  will  bo  available  of  the  after-life  history  of  the  ])atients.  Ulti- 
mately, your  question  will  be  capable  of  solution. 

"2.  It  is  a  very  interesting  Ihing  to  watch  the  effect  of  the  epidemic  on 
luberculosis.  The  death  rate  from  tuberculosis  rose  almost  at  once.  The  rate 
for  tuberculosis  of  the  lungs  went  up  to  140  per  100.000.  as  compared  Avith 
130  in  ihc  same  qiiaitei-  of  tiie  preceeding  year.  Thereupon,  the  rate  began 
to  fall  and  the  figure  for  t nben-idosis  of  the  lungs  for  the  whole  year  was 
one  of  the  lowest  (Hi  record.  141  (1;  in  1020,  the  rate  still  further  declined, 
reaching  the  nnpreccleiited  ligni-e  of  121..").  1  wotdd,  therefore,  say  that 
the  efl'ect  of  the  intlnen/.a  epidemic  on  tnliercidosis  was  Acry  slight  indeed. 
In  fact,  it  was  liniileil  to  the  inuMcdialc  jiei-iod  of  the  epidemic  itself.  After  the 
e])idemic.  the  t  nhei-iMilosis  nmrtality  sitnati(ni  seems  to  have  Imhmi  greatly  im- 
])ro\-ed.  It  is.  of  course.  ])ossil)le  that  we  are  dcalinu  with  artifacts,  that  is, 
many  of   those   who  died   of   inlluenza.   died    in    fact,   of  adxaneed   tuberculosis 
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hastened  by  the  influenza  process.  Many  such  eases  undoubtedly  occurred 
and  ■were  not  certified  as  tuberculosis.  This  ■would,  of  course,  explain  some 
of  the  remarkable  drop  in  the  tuberculosis  rate  in  subsequent  pei'iods.  It 
is  still  an  open  question." 

Another  chance  of  error  in  interpreting  the  available  figures  lies  in  the 
fact  that  the  greatest  number  of  deaths  in  the  epidemic  fell  in  an  age  period 
— 20  to  35 — in  ■which  the  death  rate  from  tuberculosis  is  always  high  (3.5). 
Whether  this  has  been  of  any  importance  in  reducing  the  number  of  candi- 
dates for  fatal  tuberculosis  -we  have  no  means  of  knowing — probably  not, 
unless  those  who  died  constituted  a  susceptible  group,  but  this  may  be  the 
ease. 

It  is  clear  that  we  have  not,  and  shall  not  have  for  several  years,  adequate 
data  to  determine  -with  certainty  the  effect  of  the  1918-1920  influenza  epidemic 
upon  the  tuberculosis  situation ;  and  when  this  is  settled,  we  shall  not  be 
certain  that  our  conclusions  will  apply  to  the  next  epidemic,  or  to  the  endemic 
disease — so  dark  and  foggy  a  field  is  medical  science.  But  it  already  seems 
safe  to  infer,  from  the  lack  of  evidence  to  the  contrary,  that  the  effect  of 
the  epidemic  on  tuberculosis  was  far  less  than  we  feared. 
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Negative  Wassermann  Reactions  in  Syphilis 

THE  serologic  study  of  syphilis  has  become  so  extensive  that  in  large 
medical  hospitals  and  clinics  the  Wassermann  reaction  has  become  practi- 
cally routine.  Coincident  with  the  development  of  routine  tests  for  syphilis, 
clinicians  have  come  to  rely  more  and  more  upon  the  laboratory  for  their 
diagnosis  and  have  neglected  the  methods  of  physical  examination  and  ana- 
lytic diagnosis.  In  the  past  M-hen  syphilis  was  suspected  a  thorough  search 
■was  immediately  instituted  for  any  and  all  signs  or  stigmata  suggesting  this 
disease.  How  much  easier  it  is  to  await  the  laboratory  report  and  thereupon 
establish  or  eliminate  syphilitic  infection! 

Xot  only  is  routine  laboratory  technic  not  infallible,  but  furthermore, 
there  are  without  doubt  not  a  few  cases  of  sj-philis  with  truly  negative  Was- 
sermann reactions.  These  eases  will  be  misdiagnosed  if  too  great  reliance  is 
placed  upon  the  laboratory  examination.  Pride  in  one's  ability  to  recog- 
nize disease  should  impel  one  to  make  a  thorough  examination  and  to  establish  the 
tentative  diagnosis,  even  before  receipt  of  the  laboratory  report.  If  the  report 
is  then  found  to  be  at  variance,  it  is  still  possible  that  the  laboratory  is  in 
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error.  It  is  then  that  judgment,  lliat  rare  virtue,  so  iieeessary  1<i  the  diag- 
nostician, becomes  of  i)aramonnt  importance. 

Perhaps  the  condition  most  frequently  met  with,  in  which  the  patient 
although  actively  syphilitic  shows  a  negative  blood  Wassermaun,  is  chronic 
advanced  syphilis  of  the  central  nervous  system.  Here  the  spinal  fluid  will 
usually  show  a  positive  reaction. 

Marcel  Pinard  describes  a  case  with  multiple,  painful  exostoses  without 
signs  of  syphilis  and  with  a  negative  "Wassermann  and  Hecht  reaction,  but 
which  subsequent  events  showed  to  be  a  case  of  heredosyphilitic  infection. 
The  initial  symptoms  appeared  at  the  age  of  22,  following  trauma.  As  the 
exostoses  became  more  numerous,  syphilis  was  suspected  and  the  blood  was 
tested  and  found  to  be  negative.  The  spinal  fluid  Wassermann  was  also 
negative.    Under  antisyphilitic  treatment  the  symptoms  rapidly  disappeared. 

The  same  author  has  recently  reported  an  even  more  interesting  case. 
A  pregnant  woman  of  35,  with  headaches,  facial  paralysis  and  all)uminuria 
presented  herself  for  diagnosis.  Syphilis  was  suspected  and  a  Wassermann 
was  done  on  three  occasions,  and  by  three  different  serologists,  each  time 
with  negative  results.  The  woman  at  term  gave  birth  to  an  infant  showing 
all  of  the  classical  signs  of  congenital  syphilis,  Avitli  skin  eruption,  snuffles,  etc. 

Two  children  from  a  previous  marriage  were  examined  and  in  both  were 
found  the  characteristic  signs  of  heredosyphilis. 

The  woman  had  suspected  syphilis  before  her  second  marriage  and  had 
consulted  a  physician  who  made  blood  tests  and  informed  her  tliat  she  was 
"une  malade  imaginaire."  The  patient  remarried,  with  medical  sanction, 
and  continued  to  produce  hereditarily  syphilitic  children. 

Pinard  draws  attention  to  tlie  unfortunate  circumstances  resulting  from 
a  medical  attitude  of  mind  wliiili  depends  entirely  upon  the  result  of  the 
Wassermann  reaction  for  guidance,  and  emphasizes  the  importance  of  search- 
ing for  evidences  of  syphilis  among  other  members  of  the  family,  a  search 
which  often  furnishes  information  whicli  the  serologic  reaction  witliholds. 
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Two  Recent  Papers  on  Pellagra 

WHAT  is  the  etiologic  agent  in  ])ellagra?  Is  it  due  to  an  infection,  or  is 
it  a  nutritional  disease,  or  do  l)otli  nf  thc^sc  aocnis  phi\-  a  part  in  its 
causation?  These  are  questions  that  remain  unanswered  ami  still  f\n'nisli 
abundant  opjiorl  unity  for  argumentation.  Among  American  stmlcnts  of  this 
disease,  ^faeXeal  ami  .Jobling  insist  that  pellagra  is  an  infections  disease;  on 
the  other  hand  tliere  arc  Goldberger  and  his  assistants  who  claim  that  it  is  a 
nuti'itioiia!  disease.  Some  years  ago  fJoldherger  made  an  exjierinn'nt  cm  eleven 
men   in  the  Mississippi   State   I'enitcnt  iary.     They   were    fed    for  somi'   months 
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upon  an  unbalanced  diet  in  whicli  carbohydrates  greatly  and  abnormally  pre- 
dominated. In  six  of  these  eleven  patients  an  eruption  said  to  be  tj^pical  of 
pellagra  developed.  There  has  always  been  and  still  remains  some  question 
about  the  accuracy  of  this  diagnosis.  The  result  was  not  entirely  satisfaetorj' ; 
it  was  not  clear  cut  one  way  or  the  other.  There  is  one  thing,  however,  that 
Goldberger  has  demonstrated,  apparently  beyond  question,  and  that  is  that 
proper  feeding  with  an  abundance  of  animal  food  both  prevents  and  cures 
pellagra.  The  demonstration  made  at  the  great  insaue  asylum  at  Milledge- 
ville,  Ga.,  seems  to  offer  no  other  interpretation. 

MacXeaP  gives  a  very  satisfactory  review  of  the  present  state  of  the 
pellagra  discussion.  He  holds  that  both  nutrition  and  infection  are  essential 
in  the  causation  of  this  disease.  He  points  out  that  among  62,119  whites  in 
Spartanburg  County,  S.  C,  in  October,  1914,  there  were  1,027  pellagrins,  an 
incidence  rate  of  165  per  10,000.  At  the  same  time  among  a  negro  population 
of  28,507  there  were  only  153  pellagrins,  an  incidence  rate  of  54  per  10,000. 
He  claims  that,  notwithstanding  the  fact  that  the  negroes  live  in  greater 
poverty  and  have  less  abundant  and  less  varied  food,  the  incidence  of  the 
disease  among  them  is  much  .smaller  than  among  the  whites.  Furthermore,  he 
shows  that  most  of  the  negroes  who  develop  the  disease  are  those  who  come 
into  most  intimate  contact  with  the  whites,  serving  as  houseservants  and  in 
other  relatively  close  relations.  AVhile  pellagra  is  less  prevalent  among  the 
negroes,  it  causes  among  them  a  higher  death  rate  than  among  the  whites. 
MacNeal  apparently  advances  these  statements  with  the  idea  of  reinforcing 
his  claim  that  the  disease  is  infectious.  Like  Goldberger 's  experiment  in  in- 
ducing the  disease  by  change  in  diet,  we  think  that  impartial  readers  will  come 
to  the  conclusion  that  MacXeaFs  illustration  is  likewise  not  very  convincing. 
It  is  just  as  easy  to  suppose  racial  differences  in  nutritional  diseases  as  in  in- 
fectious diseases.  MacXeal,  just  before  the  war,  was  carrying  on  an  experi- 
ment near  Spartanburg,  S.  C,  which  was  interrupted  by  his  military  service, 
but  so  far  as  it  went  MacXeal  was  inclined  to  believe  that  improved  sanitation 
in  a  cotton  village  did  much  to  reduce  the  prevalence  of  pellagra.  Gold- 
berger, studying  the  same  village  a  year  or  two  later,  came  to  the  conclusion 
that  the  improved  sanitation  had  had  no  effect  upon  the  incidence  of  pellagra. 
Studies  along  this  line  must  be  carried  further.  It  is  quite  evident  to  the 
outsider  that  the  contestants  concerning  the  causation  of  pellagra  are  draw- 
ing nearer  together.  In  the  present  paper  MacXeal,  in  speaking  of  prophy- 
laxis, says  that  the  measures  employed  must  be  grouped  into  two  classes;  (1) 
those  which  enhance  the  individual  resistance  to  the  disease,  and  (2)  those 
which  exclude  or  diminish  the  opportunity  for  the  introduction  of  the  caus- 
ative factor;  in  other  words,  this  author  evidently  believes  that  the  infecting 
agent  causes  the  disease  only  among  those  who  are  nutritionally  below  par. 
On  the  other  hand,  Goldberger  does  not  deny  the  possibility  of  infection,  though 
he  quite  justifiably  regards  this  as  very  remote.  He  and  his  assistants 
have  inoculated  themselves  with  every  possible  secretion  and  excretion  of  pell- 
agrins and  have  not  induced  the  disease.    It  might  have  been  otherwise,  how- 
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ever,  had  they  reduced  their  resistance  before  these  inoculations  were  made, 
by  living  upon  an  unl)alanced  diet.  The  importance  of  nutrition  in  many  of 
the  infectious  diseases  is  being  more  fully  appreciated,  and  we  are  attaching 
to  it  more  importance  that  we  did.  Whatever  may  be  the  ultimate  \erdict  as  to 
the  etiologic  agents  in  this  disease,  it  is  quite  certain  that  by  a  properly  bal- 
anced diet  primary  cases  may  be  avoided  and  recurrences  may  be  prevented. 
The  second  paper  on  pellagra  is  by  Sullivan,  Stanton  and  Dawson-  and 
concerns  itself  solely  with  the  question  of  metabolism  in  pellagrins.  Their 
results  are  substantially  as  follows:  (1)  Mineral  metabolism  as  measured  by 
the  PoO-,  elimination  is  low,  even  when  a  generous  diet  Avith  an  abundance  of 
milk  is  given.  (2)  Putrefactive  processes  in  the  intestines  are  abnormally 
high.  (3)  Albumin  and  casts  are  found  in  the  urine  in  about  fifty  per  cent 
of  cases,  although  there  may  be  pellagra  without  change  in  the  kidney.  (4) 
The  total  nitrogen  excretion  is  low ;  especially  is  this  true  of  the  virea  nitrogen, 
.suggesting  in.sufficient  activity  of  the  liver.  (5)  The  ratio  for  ammonia  nitro- 
gen and  undetei-mined  nitrogen  is  jiigh.  (6)  The  excretion  of  uric  acid  and 
creatiniu  is  low.  (7)  The  utilization  of  ijrotein  food,  even  after  several  weeks 
on  a  remedial  diet,  is  sul)normal.  (8)  After  a  month  or  more  on  tlie  curative 
diet,  urinary  ingredients  rise  1o  approximately  normal  amounts.  This  is 
especially  true  of  urea  wliich  rises  to  the  normal,  while  tlie  ammonia  ratio 
falls  to  the  normal.  —V.  C.  V. 

:Arch.  Int.  Med.,   1921.  xxvii,  3S7. 
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APPARATUS  USED  IN  THE  ESTIMATION  OF  BASAL  METABOLISM^* 


Bt  Cajierox  V.  Bailey,  M.D.,  New  York  City 


THE  increasing  interest  in  basal  metabolism  as  a  means  of  diagnosis  has 
raised  many  questions  as  to  the  type  of  apparatus  most  suitable  for  this 
test.  The  clinician  naturally  craves  a  small  portable  apparatus  which  can  be 
carried  from  house  to  house  and  used  with  the  same  ease  and  accuracy  as  his 
blood-pressure  apparatus  and  his  clinical  thermometer.  Unfortunately  this 
demand  can  at  best  be  but  partially  satisfied,  as  all  appliances  so  far  devised 
involve  the  handling  and  measurement  of  gases ;  this  includes  the  vexing  prob- 
lem of  corrections  for  temperature,  barometric  pressure,  and  water  vapor, — 
factors  with  wliich  the  clinical  observer  has  never  had  to  contend. 

In  designing  apparatus  for  clinical  respiratory  work,  portability  seems  to 
have  become  the  prime  requisite.  While  the  idea  is  fascinating,  in  reality 
nothing  detracting  from  the  accuracy  of  the  apparatus  should  be  sacrificed  on 
this  score.  The  patient  who  is  too  ill  to  be  moved  to  a  laboratory,  or  to  the 
physician's  office,  is  not  the  type  of  case  in  which  basal  metabolism  estimations 
are  of  value.  Those  using  portable  apparatus  rarely  transport  them:  almost 
invariably  the  test  is  done  in  the  clinician's  office  or,  in  the  case  of  a  hospital, 
a  suitable  room  is  selected  and  the  patient  brought  there  for  the  test. 

Basal  metabolism  is  an  expression  of  the  heat  production  of  the  body  while 
completely  at  rest  and  in  the  post-absorptive  state,  such  a  condition  as  is 
found  upon  awakening  in  the  morning.  The  brilliant  and  painstaking  work  of 
Voit,  Pettenkofer,  Atwater,  Benedict,  Lusk,  DuBois,  and  their  many  cowork- 
ers has  demonstrated  that  the  heat  production  can  be  indirectly  determined  by 
measuring  the  oxygen  consumption,  the  heat  value  for  the  latter  being  de- 
rived from  the  respiratory    quotient. 

.   New   York   Post   Graduate 
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It  is  neeessary,  therefore,  to  detenniiie  tlie  amount  of  oxyfren  consumed 
and  the  amount  of  carbon  dioxide  produced  in  a  given  time.  To  accomplish 
this,  two  methods  are  in  vogue.  In  the  "open-circuit"  method,  the  subject 
inspires  atmospheric  air  and  expires  into  a  gasometer  through  a  series  of  tubes, 
mask,  and  valves.  The  expired  air,  having  been  measured  and  its  volume  cor- 
rected, is  analyzed  for  carbon  dioxide  and  oxygen ;  the  amount  of  oxygen 
absorbed  is  calculated  on  a  basis  of  the  ratio  of  expired  nitrogen  to  atmospheric 
nitrogen.  Dividing  the  volume  of  carbon  dioxide  produced  by  the  oxygen 
absorbed  gives  the  respiratory  quotient,  which  has  a  known  heat  value  for 
each  liter  of  oxygen.  In  this  manner  the  total  calories  produced  per  hour  may 
be  calculated.  Accepting  the  hent  production  as  practically  proportionate  to 
the  surface  area  determined  by  tlie  DuBois  and  DuBois  formula,'  the  calories 
produced  may  be  expressed  in  terms  of  calories  per  square  meter  of  body 
surface  per  hour.  This  result,  the  basal  metabolism,  is  usually  reported  as 
the  percentage  above  or  below  the  average  of  the  DuBois  normal  standard. 

The  "closed-circuit"  method  requires  the  subject  to  rebreathe  from  a 
circulating  current  of  confined  air,  rich  in  oxygen.  The  carbon  dioxide  and 
water  vapor  are  removed  by  suitable  absorbers  and  the  consumed  oxygen  is 
represented  by  the  decrease  in  volume,  or  by  the  weight  of  oxygen  required  to 
maintain  the  original  volume.  The  carbon  dioxide  produced  can  be  deter- 
mined by  weighing  the  absorl)ers,  and  the  remaining  calculations  are  the  same 
as  in  the  open-circuit  method.  This  principle  has  been  used  by  Benedict-  in 
developing  his  "clinical  respiration  apparatus"  and  later,  the  "portable  respi- 
ration apparatus."  It  has  also  been  applied  in  simplified  apparatus  as  these 
of  Jones,^  and  Sanborn;''  in  these  appliances  the  carbon  dioxide  is  removed  by 
absorbers  and  the  consumed  oxygen  determined  directly  by  the  decrease  in 
volume  of  the  rebreathed  air,  which  is  almost  pure  oxygen.  The  carbon  diox- 
ide is  not  measured.  The  respiratory  quotient  is  assumed  to  be  0.82,  giving  a 
constMiit    Ileal    xalur   for  oxyji-cn. 

In  <'i|uiii|iiiii)  llie  res|)irati()n  laljoralory  of  tlic  \cw  York  I'usl  (Jraduate 
Medical  Sc-IukiI  and  Hospital,  we  were  gi-catl.v  iiilhirncccl  by  the  broad  experi- 
ence of  Dootlili.N  and  Sandiford'  in  the  clinical  ap|)lication  of  the  test.  Their  ar- 
guments in  favdi-  of  till'  open-circuit  or  gasometer  method  for  institutional  work 
seem  to  be  sound,  and,  despite  the  bugbear  of  gas-analysis,  the  method  is  eminently 
satisfactory.  In  this  procedure  the  expired  air  is  collected  under  the  most  favor- 
able conditions.  Ttic  subject  reclines  in  a  jilcasantly  furnished  room  adjoining 
the  laboratory  whicli  contains  the  entire  apparatus;  the  face  ma.sk  is  adjusted, 
and  the  test  started  after  the  gasometer  has  been  completely  washed  out  with 
expired  air.  The  test  is  started  and  stojiped  during  inspiration  without  the 
patient's  knowledge,  and  without  his  undesirable  cooperaliim.  No  skill  is  re- 
(|uir('<l  in  this  part  of  the  procedure  and,  once  the  apparatus  lias  liccu  tested, 
the  danger  from  leaks  is  negligible. 

After  the  expired  air  is  collected  and  measured  in  the  gasometei',  multiple 
samjiles  can  be  kept  in  suital)le  conlaiiu'rs  and  the  gas-analyses  repeated,  even 
after  an  interval  of  several  days,  if  there  is  any  question  of  the  accuracy  of 
the  results. 
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By  tlie  use  of  Boothhy  and  Sandiford's  calculation  sheets''  each  step  in 
the  procedure  can  be  cheeked  by  a  second  assistant,  thereby  greatly  deci"eas- 
ing  the  chances  of  technical  error.  Logarithms,  whose  name  alone  has  prob- 
ably inspired  dread  in  the  minds  of  the  uninitiated,  is  an  invaluable  means 
of  aecuratel}^  carrying  out  routine  calculations.  The  use  of  the  tables  for 
multiplication  and  division  can  be  mastered  at  one  sitting,  and  it  is  greatly 
to  be  regretted  that  this  valuable  aid  is  not  in  the  hands  of  every  one  attempt- 
ing to  do  scientific  work.  Employing  the  Haldane  apparatu.s*  or  one  of  its 
modifications,'  the  determination  of  the  carbon  dioxide  is  rapidly  carried 
out  before  the  oxygen  analysis.  With  but  slight  additional  work  we  are  given 
a  much  broader  view  of  the  metabolic  processes,  the  actual  respiratory  quo- 
tient is  determined,  the  true  heat  value  of  the  oxygen  known,  the  basal  metab- 
olism most  accurately  estimated  and  fields  thrown  open  for  intensive  studies 
in  metabolism.  Benedict-  has  stated  that  "onl.y  that  form  of  apparatus  which 
permits  exact  determinations  of  the  respiratory  quotient  as  well  as  of  the 
total  metabolism,  need  be  seriously  considered  for  the  best  clinical  work." 

The  accuracy  of  the  gasometer  method  is  unquestioned,  it  is  chiefly  crit- 
icized for  its  lack  of  portabilit.y  and  for  its  time-consuming  gas  analyses  which 
place  it  far  beyond  the  reach  of  the  great  majority  of  physicians.  This  is 
quite  true,  but  it  is  equally  true  of  complement-fixation  tests,  the  colloidal  gold 
test,  chemical  analysis  of  the  blood,  and  many  other  laboratory  procedures, 
all  of  which  are  time-consuming  and  require  special  skill  not  possessed  by  the 
average  clinician.  The  chief  use  of  basal  metabolism  tests  at  the  present  time 
is  in  the  diagnosis  and  prognosis  of  thyroid  disease ;  the  result  of  the  test  fre- 
quenth^  determines  when  serious  operative  procedures  can  be  undertaken  with 
least  risk  for  the  patient, — certainly  time  and  labor  are  paltry  considerations 
under  the  circumstances.  Boothby  and  Sandiford^  have  shown  that  the  tech- 
nic  of  gas  analysis  can  be  acquired  by  any  intelligent  high-school  girl,  and 
that  the  time  required  for  the  test  is  well  within  one  hour.  The  entire  pro- 
cedure can  be  carried  out  by  a  well-trained  technician  under  proper  super- 
vision. The  "closed-circuit"  method,  when  the  respiratory  quotient  is  deter- 
mined, is  an  accurate  means  of  estimating  the  heat  production,  and  in  skilled 
hands  has  resulted  in  the  accumulation  of  valuable  scientific  data.  Its  use  in 
routine  institutional  work,  however,  calls  for  extreme  care  and  attention, 
first  in  testing  the  apparatus  for  leaks  and  secondly  in  making  the  deter- 
mination. The  oxygen  absorbed  is  represented  by  anj-  change  in  volume  of 
the  enclosed  air;  leaks  in  or  out  of  the  apparatus,  incomplete  absorption  of 
carbon  dioxide,  and  retention  of  air  in  the  lungs  or  stomach  at  the  beginning 
or  end  of  the  test  will  directly  affect  the  results.  Any  check  on  the  accuracy 
of  the  determination  can  be  made  only  by  again  subjecting  the  patient  to  the 
test,  and  any  check  on  the  observations  must  be  made  b^"  a  second  observer  at 
the  time  of  the  test.  It  would  seem  that  the  time  and  skill  required  to  eon- 
duct  a  number  of  tests  with  this  type  of  apparatus  greatly  exceed  that  of 
the  open-circuit  type,  while  the  difficulty  in  checking  the  observations  renders 
it  less  desirable  in  routine  institutional  work. 

The  simplified  types  of  closed-circuit  apparatus--  '•  ^-   in  which  the  only 
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estimation  is  tliat  of  oxygeu  consiimptioii,  doubtless  have  a  wide  field  of  \ise- 
fuhiess,  but  this  field  should  be  closel)'  defined  and  radical  atteiui)ts,  either 
medically  or  surgically,  to  correct  the  patient's  metabolism  should  be  insti- 
tuted solely  on  the  most  careful  observations  using  the  most  accurate  method 
a\ailable.  The  simplified  appliances  have  been  introduced  to  the  clinician  as 
useful  aids  in  diagnosis,  but  it  is  questionable  whether  thej'  should  be  used  as  a 
means  of  surgical  prognosis,  or  of  conducting  original  research  in  metabolism. 

RESPIRATION  LABORATORY  OF   THE   XEW  YORK  POST  GRADUATE 
MEDICAL  SCHOOL   AND  HOSPITAL 

In  planning  a  new  department  for  a  large  institution,  one  soon  discovers 
that  space  is  the  deciding  factor,  and  that  one  must  design  and  assemble  the 


ei|iii|iiiirnl  wilh  this  Iiiiiil:i1  inn  ever  in  mind.  Our  exiierience  in  tiiis  under- 
taking was  110  exception  to  the  rule,  but  the  very  restriction  imposed  proved  to 
be  a  blessing  in  the  end,  as  it  resulted  in  the  assembling  of  a  very  compact  and 
workable  outfit  for  metabolism  estimations.  In  general,  the  apparatus  and 
mode  of  procedure  do  mil  differ  from  those  fref|uently  described;"'  ■  bill  in  tlic 
]iartirMihir  design   ami   jissi'iiiliiiiig   nf   tlic   ai)i)liaiices,    inmi\-a1ions    li;i\c   lieen 
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introduced  wliicli  add  to  the  accuracy  and  ease  of  manipulation,  and  seem  to 
afford  a  sufficient  excuse  for  a  detailed  description  at  this  time. 

Having  decided  upon  the  gasometer  method  as  being  the  most  suitable 
for  routine  institutional  work,  the  first  consideration  was  the  handling  of  the 
patients;  this  must  be  done  expeditiously,  and  in  such  a  way  as  to  allay  their 
fears  and  to  permit  of  complete  bodily  rest  for  a  period  of  at  least  half  an 
hour  before  the  test  is  started.  Two  small  rooms  were  placed  at  our  disposal, 
the  smaller,  measuring  8  ft.  by  8  ft.  was  set  aside  for  a  laboratorj^  the  larger, 
8V2  ft-  by  20  ft.,  was  selected  as  an  office  and  rest  room  for  the  patients. 
This  room  is  finished  in  French  gray  with  blue  draperies  and  the  hospital 
atmosphere  is  avoided  as  much  as  possible.  Couches  for  the  patients  were 
dispensed  with  in  favor  of  adjustable  wheel-chairs,  the  latter,  when  comfort- 
ably padded  prove  very  satisfactory,  as  the  patient  can  remain  in  one  chair 
from  the  time  he  leaves  his  room  until  his  return  at  the  end  of  the  test.    In 


our  rest  room,  thi-ee  patients  can  be  accommodated  at  one  time,  the  chairs 
being  moved  into  position  for  taking  the  test  without  disturbing  the  occu- 
pant. The  general  arrangement  of  the  rooms  is  shown  in  the  accompanying 
plan  (Fig.  1). 

It  will  be  seen  that  with  the  exception  of  the  mask  and  short  lengths  of 
air-tubes,  the  entire  apparatus  is  placed  in  the  laboratory.     The  door,  which 
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contains  a  small  observation  window,  affords  the  observer  easy  approach  to 
the  patient,  so  that  one  person  can  manipulate  the  gasometer  and  at  the  same 
time  observe  the  jiatient, 

MASK 

The  large  number  of  breathing  appliances,  which  have  been  introduced 
for  use  with  respiration  apparatus,  is  an  evidence  of  the  difficulty  experienced 
in  finding  something  suitable  for  this  work.  Some  device  is  needed  which  can 
be  rapidly  fitted  to  any  patient,  which  will  permit  of  his  normal  type  of 
respiration,  which  will  accurately  conduct  the  inspiratory  and  expiratory  air 
w'ithout  offering  resistance,  and  which  can  be  worn  in  comfort  and  without  the 
danger  of  leaks.  The  gas  mask^  of  the  French  army  fulfills  all  of  these  re- 
quirements, when  used  in  conjunction  with  the  rubber  flutter-valves  intro- 
duced by  the  British  during  the  late  war.  The  mask  (Fig.  2)  is  made  of  thick 
rubber,   covers  the  whole   face,   and   presents   broad   surfaces   whidi    closely 


Vie.  3. 

engage  the  i'orciiciul.  sides  of  the  face,  and  jaw.  The  tissues  in  these  regions 
are  Mell  supported  by  the  bony  framework  of  the  face  and  the  mask  readily 
adapts  itself  to  the.se  fixed  .surfaces.  It  is  held  in  place  by  elastic  straps  pass- 
ing around  the  head.  "With  emaciated  subjects,  leaks  may  occur  above  or 
below  the  zygoma,  in  this  area  the  pull  of  the  .straps  is  in  the  same  i)laiu'  as 
the  surface  of  I  lie  face.  In  such  instances,  the  leaks  are  readily  overcome  by 
placing  5-incli  rubber-  sponges  over  these  areas  of  the  mask  and  binding  them 
in  place  with  a  3-inch  baiulage.  In  place  of  a  bandage  for  this  purpose,  the 
sponge  holders  shown  in  Fig.  3  are  more  satisfactory;  the  sjionges  are  ce- 
mented lo  thill  iiirlal  plates  which  are  adjustable  on  a  broad  strap  passing 
around  llie  licad.  In  tiiis  mask  the  incoming  air  is  directed  upward  towards 
the  windows,  the  opening  (if  the  expiratory  tube  being  opposite  the  nose  and 
mouth;  this  insures  e(iiii|)lete  ventilation  of  the  space  and  no  discomfort  re- 
sults.    When  applied  to  some  individuals,  the  eliin  jiad  pmiiils  the  niasl;   In 
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press  oil  the  throat ;  this  can  be  readily  overcome  bj'  drawing  the  mask  away 
from  the  chin  by  means  of  a  cord  fastened  to  the  tube-connections  on  the  mask, 
and  tying  the  cord  to  a  hook  directly  over  the  subject's  head  (Z),  Fig.  4).  With 
this  cord  the  mask  can  be  comfortably  adjusted  and  it  has  the  added  value 
of  preventing  movement  on  the  part  of  the  patient.  Following  the  test,  the 
mask  and  attached  tubes  are  removed  from  the  pipes  (C  and  E,  Fig.  4)  pass- 
ing through  the  wall,  and  are  readily  cleansed  with  soap  and  water. 


.Av    /V     .:'^     ,A\    .-^ 


K  .-.^ 


PIPES,   VALXTLS  AND   CONNECTIONS 

Outdoor  air  is  brought  to  the  laboratory  through  a  4-inch  galvanized 
sheet  iron  drain  pipe.  This  pipe  terminates  2  feet  above  the  valves,  the  open 
end  being  closed  by  a  rubber  bathing  cap  {A,  Fig.  4)  held  iu  place  by  a  rub- 
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ber  baud.  The  cap  takes  up  llie  pressure  of  gusts  oi"  wiud  aud  preveuts  its 
blowing  tlirough  the  valves.  A  2-foot  length  of  24  mm.  rubber  tubing  leads 
fi'om  the  large  pipe  to  the  inspiratory  valve;  this  is  for  the  purpose  of  trap- 
ping any  expired  air  which  might  backlash  during  expiration.  The  arrange- 
ment of  the  valves  is  shown  in  Figs.  4  and  5;  they  are  enclosed  in  flattened 
glass  cases  which  are  mounted  directly  on  the  laboratory  ends  of  the  wall  tubes 
{B  aud  F) ;  the  latter  have  elbows  directed  upward  on  the  inspiratory  and 
downward  on  the  expiratory, — this  permits  both  the  flutter-valves  to  hang 


downward,  in  wliicli  jiosition  lliov  functionate  most  favorably.  From  the 
lower  end  of  llic  ixpiijitory  \iil\i -(msc,  a  24  mm.  rubber  tube  {G)  leads  to  the 
gasometer. 

OASOMKTER 

The  gasometer  (Fig.  6)  is  designed  as  a  statiniiMiy  iiicce  of  laboratory 
apparatus;  its  ball  castors,  liowever,  permitting  it  to  be  moved  about  the 
room  should  this  be  desired.  For  clinical  purposes  a  gasometer  of  90  to  100 
liters  capacity  is  the  most  serviceable.  As  the  volume  is  measured  by  the 
rise  of  the  gasomeler  bell,  it  is  evident  llial  fur  a  given  voluiiic.  the  longer  the 
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bell  the  more  accurate  the  reading.  The  bell  of  this  apparatus  is  100  cm.  in 
length  and  has  a  diameter  of  34.59  em.;  measuring  the  rise  of  the  bell  to  the 
nearest  half-millimeter,  a  change  in  volume  of  47  e.c.  can  be  detected.  The 
apparatus  is  8  feet  high  and  occupies  no  more 
floor  space  than  an  ordinary  chair.  The  frame- 
work is  rigidly  constructed  of  iron  pipes  and 
castings,  at  the  top  it  supports  the  counterbalance 
wheel,  on  its  flat  base  rests  the  copper  water-bath. 
The  base  consists  of  a  malleable  casting  containing 
inlet  and  outlet  passages  for  air;  it  is  fitted  with 
three  adjustable  legs  for  leveling  the  apparatus, 
and  is  threaded  to  receive  the  supporting  and  air 
pipes  of  the  framework.  Extending  upward  from 
the  center  of  the  base  and  connected  with  its  air 
passages  are  two  one-inch  pipes  which  pass 
through  holes  in  the  upper  end  of  the  obturator 
of  the  water-bath,  the  joints  being  made  firm  and 
airtight  by  means  of  plates.  The  air  passages 
are  continued  as  part  of  the  framework  to  a 
height  of  4  feet  Avhere  three-way  valves  are 
placed;  from  these  the  piping  extends  to  the  cast- 
ing forming  the  upper  part  of  the  framework. 
The  grooved  counterbalance  wheel  is  of  brass  and 
has  a  diameter  of  23  cm.;  it  is  mounted  on  a  steel 
axle  with  spindle  bearings,  the  latter  being  ad- 
justable on  the  upper  casting  of  the  framework. 
The  wheel  carries  a  grooved  spiral  from  which 
is  suspended  a  compensating  weight ;  as  the  bell 
rises  from  the  water  and  becomes  progressivelj'- 
heavier,  the  leverage  of  this  weight  is  correspond- 
ingly increased  and  in  this  way  the  bell  is  exactly 
counterbalanced  in  all  positions. 

The  bell  is  suspended  by  a  piano  wire  which 
passes  in  the  groove  of  the  wheel  and  is  continu- 
ous  witli    a    100   cm.   length    of   steel   measuring 
tape,  to  the  lower  end  of  M'hicli  the  main  counter- 
weight, which  is  in  two  sections,  is  fastened  by 
means  of  hooks.     The  tape,  which  reads  in  milli- 
meters  from   below    upw^ard,   passes    through   a 
suitable  guide  bearing  a  pointer  at  which  the  read- 
ings are  made.    The  bell  and  water-bath  are  made 
of  copper.    The  water-bath  is  circular  in  plan  and 
has  outer  and  inner  walls,  4  cm.  apart;  the  outer 
wall  is  110  em.  high ;  the  inner  wall  has  a  height  of  100  cm.  and  vsdth  a  truncated 
conical  roof  forms  the  obturator  of  the  bell.     The  water-bath  has  a  drainage 
cock  near  the  bottom  and  a  constant  water-level  attachment  fastened  to  the 
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outer  wall  at  a  height  of  100  em.  In  use  the  bath  is  kept  filled  with  water  to 
this  level.  The  outlet  pipe  has  a  .sampling  cock  placed  about  a  foot  below  the 
three-way  valve;  this  pipe  also  supports  a  shelf  for  the  sampling  bottles.  Tlie 
bell  carries  a  thermometer  for  recording  the  temperature  of  the  air. 

COLLECTION   OP  EXPIRED  AIR   IN  GASOMETER 

The  patient  is  placed  in  a  semi-reclining  position  in  a  wheel  chair  and  is 
allowed  to  rest  for  tM'ent.y  minutes  or  longer  before  the  test  is  started.  Dur- 
ing this  period  the  respirations  and  pulse  rate  are  closely  observed  and  the 
mask  is  not  applied  until  the  patient  appears  to  be  mentallj'  and  physically  at 
rest.  At  this  time  one  ascertains  that  the  body  temperature  is  normal.  While 
the  subject  is  resting  one  empties  the  gasometer  by  removing  the  lower  por- 
tion of  the  counterweight  and  turning  the  valve  J  (Fig.  4)  to  communicate 
with  the  room  air ;  the  bell  sinks  until  it  rests  on  the  obturator  and  the  pointer 
will  stand  at  zero  on  the  measuring  tape.  The  valve  H  (Fig.  4)  is  now  turned 
so  as  to  connect  the  air-tube  {G)  with  the  gasometer.  The  rubber  cap  {A)  is 
removed  for  a  few  minutes,  permitting  the  large  intake  pipe  to  fill  with  fresh 
air  from  outdoors;  the  cap  is  then  replaced. 

When  the  patient  is  sufficiently  rested,  the  ends  of  the  tubes  attached 
to  the  mask  are  dipped  in  Avater  and  slipped  over  the  brass  pipes  perforating 
the  wall  at  C  and  E,  care  being  taken  that  the  inspiratory  pipe  leads  to  the 
upper  openings  in  the  mask.  The  mask  is  then  applied  by  holding  the  chin 
portion  in  position  and  pulling  the  straps  over  the  top  of  the  head.  When 
accurately  fitted,  the  mask-cord  (D)  is  tied  to  the  overhead  hook,  holding  the 
ma.sk  and  head  in  the  most  comfortable  position  for  the  patient.  From  the 
time  the  mask  is  applied,  the  inspiratory  air  is  drawn  from  outdoors  through 
the  pipes  to  the  flutter-valve  {B)  and  thence  to  the  mask.  The  expiratory  air 
passes  from  the  mask,  through  the  flutter-valve  {F)  and  along  the  tubing  to 
the  small  space  between  the  top  of  the  bell  and  the  obturator;  from  there  it 
passes  througli  tlic  nutlet  pipe  and  escapes  into  the  room  through  the  valve 
{J).  In  this  \\ii\-  the  I'utire  dead  space  of  the  apparatus  is  flushed  out  Avith 
expired  air. 

As  an  extra  i)r(HMU1i(in,  I  lie  h)wer  j)ortinn  ol'  llie  counterweight  is  re- 
placed, at  the  same  time  closing  the  valve  (J).  The  expirations  are  now 
caught  in  the  gasometer.  When  the  bell  has  been  elevated  6  or  8  cm.,  the  valve 
{II)  is  turned  during  inspiration,  cutting  off  the  gasometer  and  permitting  the 
expirations  to  escape  through  the  vent  (/).  The  bell  is  now  dropped  nearly  to 
the  zero  mark  by  removing  tiie  lower  counterweight  and  opening  the  valve  {J). 
This  valve  is  then  closed,  the  counterweight  replaced,  and  the  reading  on  the 
tape  recorded  to  the  nearest  half-millimeter.  One  is  now  ready  to  start  the 
test.  The  respiratory  i)liases  can  he  readily  followed  by  observing  the  flutter- 
valves  {It  and  /-'i.  During  tlic  ins|)iia(i)ry  pliase,  the  valve  {H)  is  quickly 
turned  to  coiiiniuniciilc  with  the  gasometer  and  a1  the  same  titne  one  presses 
the  stopwatch  and  the  culli'dion  is  begun.  Tlir  (]|)scr\at  inn  wiiidnw  permits 
the  attendant  tn  clnscly  wati'h  the  subject  (luring  these  procedures  and  record 
any  mo\emeiits.     While  the  air  is  liein:^  enllected,  the  respiration  and  pulse 
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rates  are  recorded  at  frequent  intervals,  and  the  patient  is  admonished  to 
remain  very  still  and  encouraged  by  explanations  that  the  test  is  nearing  com- 
pletion and  that  everything  is  very  satisfactory.  The  duration  of  the  test  is 
determined  by  the  subject's  rate  of  ventilation.  As  a  rule  the  gasometer  is 
nearly  filled  at  the  end  of  10  to  12  minutes,  although  this  period  may  vary 
from  5  to  15  minutes.  Calculation  is  facilitated  by  stopping  on  the  minute, 
the  quarter,  or  the  half  minute.  This  is  accomplished  by  holding  the  stop- 
•watch  near  the  inspiratory  valve  (B)  in  such  a  way  that  both  can  be  observed 
at  the  same  time;  the  other  hand  grasps  the  valve  lever  (H);  at  the  selected 
period  of  time,  and  during  inspiration,  the  valve  (H)  is  quickly  turned  cutting 
the  patient  off  from  the  gasometer.  Should  the  subject  be  expiring,  one  waits 
until  expiration  is  completed  before  closing  the  valve.  The  watch  is  .stopped 
at  this  time.  One  must  avoid  shifting  this  valve  during  expiration  as  it  is 
very  disconcerting  to  the  patient.  The  reading  on  the  steel-tape  is  now  re- 
corded to  the  nearest  half-millimeter.     The  difference  between  this  and  the 


first  reading  tells  the  height  in  centimeters  to  which  the  bell  has  risen.  As 
the  bell  is  exactly  counterbalanced  in  all  positions,  the  enclosed  air  is  under 
the  prevailing  atmospheric  pressure.  The  lower  portion  of  the  counterweight 
is  now  removed  leaving  the  air  under  positive  pressure. 

Since  volumes  of  gas  vary  directly  with  the  temperature  and  inversely 
with  the  barometric  pressure,  it  is  necessary  to  record  these  factors  which 
will  be  used  later  in  the  calculations.  The  temperature  is  determined  by  a 
Centigrade  thermometer  inserted  in  the  bell.  A  brass-scale  mercurial  barom- 
eter is  used  in  recording  the  atmospheric  pressure. 

Samples  of  the  expired  air  can  now  be  collected  in  gas-sampling  bottles. 

GAS-SAMPLlNG   BOTTLES^" 

The  gas-sampling  bottle  (Fig.  7)  consists  of  parallel  glass  cylinders  com- 
municating at  the  bottom  through  a  small  opening.  The  cylinders  are  firmly 
cemented  into  a  metal  ease  which  forms  a  base.    The  top  of  one  of  the  cylinders 
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has  a  funnel-shaped  inversion;  the  other  tapers  off  to  a  2  mm.  capillary  tube 
to  which  a  3-\vay  stop-cock  is  fused.  The  second  opening  in  the  stop-cock 
communicates  with  a  capillar}^  tube  which  bends  over  the  inverted  top  of  the 
first  cylinder.  The  stop-cock  terminates  in  a  straijrht  spout  of  capillary  tubing 
3  em.  long.  The  appliance  is  half  filled  with  mercury,  and  before  use  is 
flushed  out  with  1  per  cent  sulphuric  acid.  A  (i  cm.  length  of  3/16  inch  rubber 
tubing  is  permanently  attached  to  the  spout. 

In  preparation  for  use,  one  sets  the  stopcock  so  that  the  spout  communi- 
cates with  the  gas  chamber  (Fig.  7).    The  bottle  is  now  tilted  forward  over  a 


small  beaker  containing  1  piT  ci'iil  sulphuric  acid,  iiitd  which  the  rubber  tube 
dips.  The  contained  air  is  forced  out  by  the  mercury  and  when  the  bottle  is 
tilted  backward,  acidulated  water  is  drawn  into  the  chamber.  The  apparatus 
is  again  tilted  forward,  this  forces  out  the  air  and  water.  This  position  is 
maintained  until  mercury  drops  into  the  beaker  (.1.  Fig.  8).  The  stopcock 
is  immediately  reversed;  this  leaves  the  gas  cluniiber  ami  the  lower  lead  of  the 
stopcock  filled  with  mercury  (li.  Fig.  S)  and  the  spcuit  is  in  communication 
with  the  bent  eapiliary  tuhiiur  through  which  the  air  to  be  sampled  is  blown. 
Fnough  acidulated  water  remains  in  tlic  cliainlicr  to  saturate  the  air  when  the 
bottle  is  filled. 
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COLLECTION  OF  AIR  SAMPLES  FROM   THE  GASOMETER 

Having  removed  the  lower  portion  of  the  countei-weight  following  the 
final  reading  of  the  gasometer,  the  enclosed  air  is  under  positive  pressure. 
The  prepared  sampling  bottle  is  now  placed  on  the  shelf  and  connected  with 
the  sampling-cock  (K,  Fig.  4).  This  cock  is  now  opened  and  the  air  blows 
through  the  curved  tube  of  the  sampling  bottle.  Half  the  air  in  the  gasometer 
is  allowed  to  escape  through  the  valve  (J,  Fig.  4) ;  this  is  to  insure  a  fair 
sample,  as  recommended  by  Boothby.^  The  stopcock  of  the  sampling  bottle  is 
now  reversed,  the  bottle  removed  from  its  shelf,  and  tilted  backward  (C, 
Fig.  8)  and  the  compartment  fills  with  the  air  from  the  gasometer.  The  stop- 
cock is  returned  to  its  original  position  and  the  sample  is  trapped  under  pres- 
sure in  tlie  bottle  (D.  F\<j:.   S'i.     Before  trai)|)ino-  the  sample,  it   is  sometimes 


advisable  to  tilt  the  bottle  backward  and  forward  several  times,  at  the  same 
time  allowing  air  to  escape  through  the  valve  (/,  Fig.  4);  in  this  Avay  one  is 
certain  of  securing  a  good  sample  of  the  enclosed  air.  Two  or  three  bottles 
can  l)e  filled  in  this  manner,  each  bottle  holding  enough  air  for  six  analyses. 

PRINCIPLES  OF  GAS  ANALYSIS 

The  Haldane  method  is  used  in  determining  the  amount  of  carbon  dioxide 
and  oxygen  in  the  exjjired  air.  In  principle,  a  volume  of  air  is  drawn  into  a 
graduated  burette,  Avhere  it  is  saturated  with  water  vapor  and  measured;  the 
air  is  then  passed  back  and  forth  into  a  potash  pipette,  where  the  carbon  diox- 
ide is  removed ;  it  is  returned  to  the  burette  and  again  mea.sured,  the  difference 
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between  this  and  the  first  reading  representing  the  volume  of  carbon  dioxide. 
The  oxygen  is  removed  in  a  similar  manner  b.y  passing  the  air  into  a  second 
pipette  containing'  a  potassium  pyrogallate  solution ;  after  the  oxygen  is 
absorbed,  the  gas  is  returned  to  'the  burette  and  measured,  this  second  loss 
in  volume  representing  the  oxygen  in  the  sample  of  air. 

In  applying  this  method,  several  modifications  of  the  original  jiarts  have 
been  incorporated  in  the  apparatus,  the  ]u-iiicipal  changes  being  the  adoption 


I'ig.    10. 
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of  Henderson's  burette'  with  a  four-way  stopcock,  and  that  author's  type  of 
oxygen  at)sorber.  These  greatly  simplify  the  assembling  and  cleansing  of  the 
parts  and  permit  one  to  change  the  pyrogallate  without  disconnecting  the 
apparatus. 

DESCRIPTION'  OF  APPARATUS  FOR  GAS  AXALYSIS 

The  complete  apparatus  is  pictured  in  Fig.  9,  and  shown  diagrammatically 
in  Fig.  10.  It  is  mounted  on  a  stout  wooden  support  (Fig.  11),  having  grooves 
to  receive  the  tubing  and  six  brass  clamps,  by  which  the  glass  parts  are  held 
in  place.  On  the  top  of  the  frame  is  a  brass  shelf  upon  which  the  gas-sampling 
bottle  is  placed.  The  space  behind  the  water-bath  is  closed  with  ground  glass, 
and  behind  this  is  placed  a  12-inch  "show-ease"  electric  light  bulb  in  a  chain- 
operated  socket,  the  chain  being  brought  to  the  front  of  the  support,  so  that 
the  light  can  be  readily  switched  on  and  off  during  the  analysis.    The  table  of 


corrections  for  the  burette  is  glued  to  the  support  to  the  right  hand  side  of  the 
ground  glass.  The  frame  carries  a  hook  at  the  upper  right  hand  corner,  from 
which  is  suspended  the  mercury  reservoir  and  its  lead  counterweight. 

The  assembled  apparatus  ready  to  be  placed  on  its  support,  is  shown  in 
Fig.  10.  It  consists  of  a  10  c.c.  burette  graduated  in  hundredths  (1)  having 
a  four-way  stopcock  at  the  top  (2) ;  this,  along  with  a  control  tube  of  the  same 
volume  (3),  is  enclosed  in  a  water-bath  extending  the  full  length  of  the  burette. 
The  water-bath  is  closed  at  top  and  bottom  by  rubber  stoppers,  through  which 
the  burette  and  control  tubes  protrude.  The  upper  stopper  has  two  additional 
perforations,  one  of  which  carries  a  suction  tube  (4)  to  the  air  space  above  the 
water,  the  second  carries  a  tube  (.5)  open  at  the  top  and  extending  to  the  bot- 
tom of  the  bath.    When  the  first  tube  is  connected  with  a  suction  pump,  air  is 
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kept  constantly  bubbling  tlirough  the  water,  keeping  it  stirred  up  and  ('(pial- 
iziun;  the  temperature  of  the  enclosed  burettes. 

From  the  lower  end  of  the  control  tube,  a  24  cm.  length  of  pressure  tubing 
leads  to  a  mercury  reservoir  {6).  This  tube  carries  a  Hoffmann  improved 
clamp  (7)  by  which  the  lumen  is  occluded  when  the  fluid  in  the  conrol  tube 
is  set  at  the  proper  level  (8).  Attached  to  the  lower  end  of  the  burette  is  a 
fl.*!  em.  length  of  pressure  tubing  continuous  w-ith  a  mercury  reservoir  (5) 
wliich  is  suspended  from  the  hook  by  a  braided  sash-cord  {10)  and  counter- 
balanced by  a  conical  lead  weight  {11).  This  weighs  447  gms.  and  exactly 
balances  the  reservoir  and  tube  filled  with  mercury  when  the  latter  is  half- 
way up  the  burette.  When  the  reservoir  is  raised  or  lowered,  there  is  enough 
friction  between  the  cord  and  hook  to  hold  the  mercury  at  any  level.  For 
fine  adjustment  of  the  mercury  level,  the  eord  is  grasped  with  the  finger  and 
thumb  and  rolled  over  the  hook  as  one  would  turn  a  milled  wheel. 

The  potash  pipette  {12)  is  placed  to  the  left  of  the  water-bath.  Capillary 
tubes  lead  from  the  top  and  bottom  of  the  pipette  respectively  to  the  left  lead 
of  the  stopcock  and  to  the  upper  end  of  the  control  tube.  All  the  connections 
are  made  glass  to  glass  and  held  tight  by  4  cm.  lengths  of  pressure  tubing.  The 
lowest  opening  in  the  pipette  {13)  is  connected  with  a  2]  cm.  length  of  3/16 
inch  sulphur-free  black  seamless  rubber  tubing  {14).  This  is  attached  to  the 
lower  end  of  the  thistle  tube  {13)  which  serves  as  a  reservoir  for  the  potassium 
hydroxide  solution.  This  tube  slides  through  a  clamp  on  the  frame,  and  by 
raising  or  lowering  the  reservoir  equal  changes  of  pressure  are  produced  in 
the  burette  and  in  the  control  tube.  The  thistle  tube  is  covered  with  a  rub- 
ber cap  {21)  having  a  small  perforation  to  permit  the  passage  of  air. 

The  right  lead  from  the  stopcock  is  continuous  witli  a  capillary  tube  which 
terminates  in  an  inverted  bell  enclosed  in  a  flat-bottomed  tube  {16).  This 
bell  is  loosely  filled  with  lengths  of  3  mm.  tliin  walled  glass  tubing,  beveled  on 
the  ends  which  rest  on  the  bottom  of  the  lulie.  When  in  iise,  this  tube  holds 
potassium  pyrogallate  covered  with  a  2  cm.  layer  of  petroleum  oil,  which  pro- 
tects it  from  (he  air.  This  i)nrt  of  the  apparatus  constitutes  the  oxygen 
absr)i'l)('r. 

The  capillary  tubes  Icadiii-  tVoin  llio  absorbers  serve  as  manometers  in 
adjusting  the  apparatus.  A  permanenl  mark  {17)  is  cut  in  the  tubing  of  the 
oxygen  absorber  5  cm.  above  tlic  bell.  Sliding  markers,  as  described  by 
Henderson,  are  conveniently  used  on  the  manometer  tubes  leading  from  the 
COj  absorber  {18,  19).  These  are  readily  made  by  twisting  a  loop  of  fine 
brass  wire  ai'ound  the  tube,  along  which  is  laid  a  short  length  of  a  rubber  band. 
This  marker  {22)  is  easily  moved  to  the  refpiircd 
ends  of  the  rubbei-  and  tlic  twisted  wirrs;  tin"  rubli 
the  glass  holds  it  (irmly  in  ]iositiini. 

The  upper  lead  rnnii  the  stopcock  is  conni'cti'd 
elbow  of  capillary  tubing  {20).  the  horizontal  \y.\y\ 
and  is  at  a  height  of  13  cm.  above  the  shelf  ui)"n  wliicli  llic  liotlle  rests. 

In  the  conslrui'lidn  of  the  apiiai'atus,  the  capillary  tubing  used  slnndi 
of   uniform   bore   llii-on^hout    and   should   be   not   less   than    1.1    iinn.    and 
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g-reater  than  1.3  mm.  iii  diameter.  Care  .should  be  taken  that  constrictions 
do  not  oci'ur  where  the  tubing  is  joined  to  the  bulbs,  these  retain  fluid  and  inter- 
fere with  the  proper  working  of  the  apparatus.  The  burette,  as  supplied  by 
the  manufacturers,  has  a  stopcock  fused  on  the  lower  end.  After  recalibration 
this  is  cut  off  and  the  end  of  the  burette  smoothed  with  a  fine  file  under  water. 
The  ends  of  the  capillary  tubing  should  be  ground  in  this  manner  rather  than 
fire-polished.  The  method  of  recalibrating  the  Haldane  burette  is  completely 
described  by  Boothbj-.''  The  same  instructions  apply  to  the  Henderson  type, 
excepting  the  calculation  of  the  mercury  in  the  stopcock,  w-hich  is  not  inehided 
in  the  volume  of  this  burette.  Before  assembling  the  apparatus,  the  glass 
parts  should  be  thoroughly  cleansed  Avith  soap  and  water,  then  with  warm 
cleaning  solution,  and  finally  rinsed  in  distilled  water. 

All  the  rubber  tubing  used  in  the  construction  of  the  apparatus  should  be 
scrubbed  in  soapy  water  in  order  to  completely  remove  the  talc.  This  can 
be  done  by  coiling  a  pipe-stem  cleaner,  fastening  it  to  a  long  wire  and  drawing 
it  back  and  forth  throiigh  the  tubing;  the  rubber  is  then  carefully  rinsed  and 
flushed  out  wdth  one  per  cent  sulphuric  acid.  In  assembling  the  apparatus,  a 
small  amount  of  vaseline  may  be  used  in  slipping  the  nibber  over  the  glass 
tubing;  this  makes  a  very  tight  joint  as  it  causes  the  ruliber  to  adhere.  In 
taking  down  an  apparatus  assembled  in  this  manner,  one  must  cut  off  these 
connections  with  a  knife. 

Black  rubber  grease  is  used  on  the  stopcock.  This  is  prepared  by  heat- 
ing together  equal  parts  of  finely  cut  black  rubber  tubing,  and  lanolin.  "When 
the  rubber  has  completely  dissolved,  the  mixture  is  poured  into  an  ointment 
jar  and  kept  covered. 

In  preparing  the  absorbing  solutions,  it  is  convenient  to  keep  a  stock 
saturated  solution  of  potassium  hydroxide.  For  use  in  the  potash  pipette, 
this  is  diluted  to  a  specific  gravity  of  1.15.  The  potassium  pyrogallate  solu- 
tion is  made  by  diluting  the  potassium  hydroxide  solution  to  a  specific  gi'avitj' 
of  1.55,  and  adding  10  gm.  of  pyrogallic  acid  to  every  100  c.c.  of  the  dilution. 
This  absorber  should  be  made  up  in  quantity  and  is  conveniently  kept,  well 
stoppered,  in  small  citrate  of  magnesia  bottles;  the  acid  is  first  placed  in  the 
bottles,  the  potassium  hydroxide  solution  added,  and  the  bottles  stoppered  at 
once,  making  sure  that  the  rubber  washers  are  well  in  place.  The  solution  im- 
proves with  age.  If  one  must  use  a  freshl.y  prepared  solution,  its  efficiency 
as  an  absorber  can  lie  increased  by  exposing  it  to  the  air. 

MANAGEMENT  OF  APPARATUS  FOR  GAS  ANALYSIS 

PrcUininarij. — Fill  the  water-bath  with  distilled  water  to  within  one  inch 
of  the  upper  stopper.  Release  clamp  {7)  at  bottom  of  control  tube.  Place  2 
c.c.  of  1  per  cent  sulphuric  acid  in  the  control  tube  reservoir  (6).  Hold  reser- 
voir so  that  the  dilute  acid  can  barety  be  seen  above  the  rubber  tubing  and 
superimpose  about  6  c.c.  of  mercury, — this  causes  the  acid  to  rise  in  the  con- 
trol tube.  By  raising  or  lowering  the  reservoir  the  acid  can  be  brought  to 
the  level  (8)  in  the  control  tube.  This  level  is  at  the  height  of  8.5  c.c.  on  the 
burette.     Close  clamp  (~)  and  replace  the  reservoir  in  its  support. 
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Keiuovo  the  barrel  of  the  stopcock.  Lower  the  luereury  reservoir  {9) 
until  its  opening  is  opposite  to  the  bottom  of  the  water-bath,  and  fill  to  the 
neck  with  mercury.  Place  the  thistle  tube  (15)  at  a  leA-el  slightly  above  that 
shown  in  the  diagram  and  fill  the  pipette  (1:^)  with  the  dilute  solution  of 
potassium  hydroxide  until  the  level  in  the  thistle  tube  is  opposite  to  the  mark 
(IS).  Cover  the  tube  M-ith  a  rubber  cap  (21).  Fill  the  oxygen  absorber  (16) 
with  the  solution  of  pota.ssium  pyrogallate  to  a  level  with  the  top  of  the  bell, 
and  superimpose  a  2  cm.  layer  of  petroleum  oil. 

Grease  the  barrel  of  the  stopcock  with  the  black  rubber  mixture,  care 
heing  taken  that  the  holes  are  not  occluded.  Place  the  barrel  in  position  and 
turn  with  gentle  pressure  until  the  burette  is  in  communication  with  the 
intake  tube  (20).  The  black  mark*  on  the  stopcock  handle  indicates  the  lead 
which  is  in  communication  with  the  burette.  Attach  glass  elbow  (23)  to  the 
intake  tube  (20)  so  that  the  former  points  downward,  and  dips  into  dilute 
sulphuric  acid  contained  in  a  beaker  held  beneath  the  tube.  The  burette  is 
now  flushed  out  with  the  acid  by  raising  and  lowering  the  mercury  reservoir 
(9).  The  burette  is  then  emptied  by  raising  the  reservoir  until  a  few  drops 
of  mercury  fall  into  the  beaker.    Remove  the  glass  elbow  (23). 

The  vdliunc  of  air  in  the  control  tube  is  adjusted  so  tliat.  when  the  men- 
iscus is  at  the  mark  (19),  the  acidulated  water  in  the  control  tube  will  be  at 
a  level  (8)  opposite  to  the  8.5  e.c.  mark  on  the  burette.  This  is  accomplished 
by  releasing  the  clamp  (7)  and  raising  the  reservoir  (6),  causing  air  from  the 
control  tube  to  escape  into  the  pipette  (12).  This  procedure  is  repeated  until 
the  fluids  are  at  the  proper  levels.  (It  may  be  necessary  to  add  more  mercury 
in  order  to  force  the  air  over.)  Clamp  (7)  is  then  closed  and  the  reservoir 
returned  to  its  support.  The  air  is  now  removed  from  the  potash  pipette  by 
lowering  the  mercury  reservoir  (9)  until  the  niei-eury  in  the  burette  is  below 
the  bulb,  the  stopcock  is  then  given  a  quarter  turn  to  the  left,  and  the  air 
removed  by  a  further  lowering  of  the  reservoii-.  The  air  in  the  oxygen  ab- 
sorber is  reniii\(Ml  in  a  similai'  manner  by  fii'st  tui'ning  the  stopcock  to  the 
i-iglit.  The  Ie\fls  ill  each  case  are  set  at  their  marks  (18)  (17)  on  the  man- 
ometer tubes. 

The  tube  (i)  is  connecled  witii  a  suet  inn  i)umi)  and  a  stream  of  air  is 
kept  bubbling  through  the  M-ater-bath.  Before  one  can  use  the  apparatus, 
it  is  necessary  to  absorb  the  carbon  dioxide  and  oxygen  from  the  air  which 
fills  the  cajiillary  tubes  between  the  fluids  and  the  stopcock.  This  is  accom- 
plished by  drawing  abo\it  9  c.c.  of  air  into  the  burette.  Now  make  a  quarter- 
turn  of  the  stopcock  to  the  right,  at  the  same  time  slightly  raising  the  mercury 
reservoir  (9)  so  as  to  ])ut  the  air  under  positive  iiressnre  and  prevent  the  pos- 
sil)le  sucking  of  i)yrogallate  into  the  sto])cock  and  burette.  Absorption  is 
brought  about  by  alternately  raising  and  lowering  the  reservoir  (9).  This 
pushes  the  gas  liael<  ami  fm-lh  between  the  luirette  ami  aliM'rher.  and  lirings 
it  constantly  in  eonlael  with  new  s\irfaei's  ol'  Ijuid.  In  doing  this,  llie  mercury 
should  not  be  carried  abuxe  or  lielow  I  he  bulb  nl'  the  bui'ette.     Tiiis  procedure 

•If  the  handle  is  not  already  marked,  this  can  readily  he  done  hy  dippinK  Ihc  tip  in  hot  scalingwa\. 
The  tip  on  the  fame  side  as  the  nearest  hole  in  the  barrel  is  the  one  to  be  marked. 
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is  repeated  18  to  20  times.  The  reservoir  is  then  carefully  lowered  until  the 
pyrogallate  enters  the  manometer  tube.  Now  one  connects  the  burette  with 
the  potash  pipette.  This  is  accomplished  by  making  a  full  half-turn  of  the 
stopcock  io  the  right  at  the  same  time  slightly  raising  the  reservoir  (5),  as 
before,  to  prevent  sucking  the  alkali  into  the  stopcock  and  burette.  The  air 
is  now  washed  back  and  forth  several  times  and  returned  to  the  burette  with 
the  above  precautions.  The  burette  is  again  put  in  communication  with  the 
oxygen  absorber  by  making  a  full  half-turn  of  the  stopcock  in  the  opposite 
direction  to  the  hands  of  a  clock,  taking  care  to  slightly  raise  the  reservoir  as 
before.  This  procedure  is  repeated  several  times  until  the  readings  of  the 
burette  remain  constant. 

Preparatory  to  reading  the  volume,  the  pyrogallate  is  brouglit  to  its 
mark  {17)  on  the  manometer;  the  burette  is  then  connected  with  the  potash 
pipette  by  a  half-turn  of  the  stopcock  to  th-c  right,  with  the  usual  slight  rais- 
ing of  the  mercury  reservoir.  The  level  in  the  potash  manometer  is  now  set 
by  rolling  the  cord  back  or  forth  over  the  hook ;  at  the  same  time  the  volume 
of  the  control  tube  is  returned  to  normal  by  raising  or  lowering  the  thistle- 
tube  (15).  In  this  way  changes  of  volume,  due  to  temperature  changes,  are 
overcome  bj^  equally  increasing  or  decreasing  the  pressure  exerted  on  the  two 
volumes  of  gas  by  the  head  of  fluid  in  the  thistle-tube.  In  order  to  be  sure  that 
free  communication  exists  between  the  burette  and  the  manometers,  one  mo- 
mentarily pinches  the  rubber  tubing  (at  the  locations  of  the  figures  14  and 
2i)and  determines  that  the  levels  in  the  manometers  balance  freely  with  the 
mercury.  A  drop  of  fluid  or  grease  in  the  stopcock  may  interfere  with  the  free 
transmission  of  pres.sure  and  lead  to  gross  errors  in  the  analysis.  These  ob- 
structions, if  present,  can  usually  be  dislodged  by  repeatedly  pinching  the 
tubing  (24).  The  levels  being  properly  set  at  their  marks  on  the  manometer 
tubes,  one  switches  on  the  light  which  is  placed  at  the  back  of  the  water-bath 
and  reads  the  burette  to  the  thousandth  part  of  a  cubic  centimeter  by  means  of 
a  magnifying  glass.  To  do  this  accurately,  one  places  the  eye  so  that  the  gradu- 
ation mark,  below  the  bottom  of  the  mercury  meniscus,  and  its  reflection  from 
the  mercury,  are  directly  in  line ;  the  location  of  the  top  of  the  meniscus 
between  the  hundredths  divisions  is  then  estimated  in  tenths.  A  small  amount 
of  acidulated  water  inside  the  burette  is  necessary  to  insure  that  the  air  is 
saturated  with  water  vapor.  If  one  flushes  the  burette  with  the  dilute  acid 
immediately  before  each  test,  sufficient  moisture  remains  to  bring  about  this 
saturation.  ^\'hen  not  in  use,  the  nitrogen  remaining  after  the  last  analysis  is 
kept  in  the  oxygen  absorber;  the  stopcock  is  turned  so  that  the  burette  com- 
municates with  the  intake-tube  (20);  the  potash  reservoir  (13)  is  lowered;  and 
the  clamp  (7)  is  opened  so  that  the  fluid  drops  in  the  control  manometer  tube. 
The  apparatus  can  be  left  safely  in  this  manner,  without  the  danger  of  alkali 
being  dra^wn  into  the  burettes  as  a  result  of  temperature  changes. 

Analysis. — The  first  step  is  to  start  the  pump  which  applies  suction  (4) 
and  keeps  the  water  well  mixed  in  the  bath.  The  potash  reservoir  (13)  is 
raised  until  the  surface  of  its  contained  fluid  is  on  a  level  with  the  mark  (18) 
on  the  manometer.     The  reservoir  (6)  of  the  control  burette  is  now  lowered. 
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causing  the  potasli  to  rise  in  the  control  manometer  to  the  mark   (W)  ■  the 
clamp  {7)  is  then  closed  tightly  and  the  reservoir  returned  to  its  support. 

The  glass  elbow  (2.3)  is  now  attached  to  the  intake  tube  {20)  and  the 
burette  flushed  out  with  acidulated  water,  as  previously  deserilted.  The  elbow 
is  removed  and  the  next  step  is  to  place  the  sampling-bottle  upon  its  shelf  and 
to  connect  the  spout  closely  to  the  intake-tube,  seeing  that  the  stopcock  is 
turned  so  as  to  cause  these  parts  to  communicate  with  the  curved  tube  of  the 
bottle.  Next  it  is  necessary  to  remove  the  nitrogen  from  the  oxygen  absorber 
and  to  set  the  levels  in  the  manometer  tubes;  this  is  done  by  raising  the  mer- 
cury reservoir  (9)  until  the  small  amount  of  acidulated  water  in  the  burette 
has  entered  the  stopcock;  the  stopcock  is  given  a  quarter  turn  to  the  right  and 
the  reservoir  lowered  until  the  meniscus  is  at  the  mark  (17) ;  the  stopcock  is 
then  given  a  half-turn  to  the  right,  at  the  .same  time  slightly  raising  the  mer- 
cury reservoir,  thus  throwing  the  burette  into  communication  with  the  potash 
absorber.  The  levels  in  the  manometers  are  set  (18)  (19)  and  the  burette  is 
connected  with  the  intake-tulie  liy  making  a  quarter  turn  of  the  stopcock 
to  the  rifjhf.  The  burette  and  intake-tube  are  completely  emptied  of  air  by 
raising  the  mercury  reservoir  (9)  ;  this  causes  the  mercury  to  rise  in  the 
linrptte.  forcing  the  air  and  most  of  the  acidulated  water  before  it.  When 
the  mercury  has  passed  into  the  curved  tube  as  shuwn  in  E  (Fig.  8),  the  stop- 
cock of  the  bottle  is  given  a  half-turn,  the  reservoir  lowered,  and  the  expired 
air  passes  into  flic  burette  as  shown  in  F  (Fig.  8).  (In  this  manipulation,  the 
reservoir  is  grasped  in  the  hand  and  raised  slightly  forward  from  the  hook,  leav- 
ing the  cord  in  position).  Tiic  sample  is  washed  back  into  the  bottle  and  again 
drawn  into  the  burette  by  raising  and  lowering  the  mercury  reservoir.  This 
air  is  considerably  compressed,  and  in  order  to  take  a  sample  which  can  be 
measured  at  atmospheric  pressure,  one  sets  the  iiiiTi-nry  meniscus  at  about 
9.2  c.c,  the  .stopcock  of  the  bottle  is  tlieii  given  a  ciiiartri'  (if  a  turn,  and  the 
reservoir  lowered  until  tlie  l)urette  reads  in  the  neighborhood  of  9.85  c.c. 
Next,  tiie  four-way  stopcock  is  carefully  gi\cn  a  qiuirter-turn  to  the  l(f(.  ai\d 
the  levels  in  the  manoniclei-  tubes  (18)  (19)  rapidly  reset  by  nianii)ulating 
the  thistle-tube  (15)  nud  the  mercury  reservoir  (9).  The  vol\iiiu'  of  gas  in 
the  burette  is  now  i-cail  to  a  lliousaiidth  jiart  of  a  c.c.  in  the  iiumner  already 
described. 

The  carbon  dio.xide  is  absorbed  by  alternately  raising  and  lowering  the 
mercury  reservoir,  not  ])er7nitting  the  mercury  to  rise  aI)ove.  or  pass  below, 
the  bulb  of  the  buret  le.  After  pa.ssing  the  gas,  in  this  inaniiiT.  ciiilit  or  nine 
times  one  resets  the  levels  (18  and  19)  and  reads  the  burette.  The  gas  is  again 
passed  five  or  six  limes  and  the  volume  reeoiiled.  If  the  volumes  do  not  agree 
within  0.002  c.c.  the  jirocedure  is  rejieated  until  check  readings  are  obtained. 

To  absorb  the  oxygen,  (uie  geiilly  lowers  the  mercury  reservoir  (9)  until 
the  potash  is  within  an  inch  of  the  bend  above  the  mark  (  18),  the  stopcock  (2) 
is  then  given  a  half  luiii  in  Ihr  iiii/msih  din,  lion  h,  lh<  hands  of  a  clock,  at 
the  same  time  slightly  raising  the  mercury  reservoir  to  avoid  the  danger  of 
.sucking  pyrogallate  into  the  slo|)coek  and  burette.     The  gas  is  pa.ssed  about 
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eighteen  times  into  the  oxygen  absoi'ber.  It  is  then  passed  twice  into  the 
potash  pipette,  in  order  to  wash  out  tlie  oxygen  Avhich  was  left  in  the  capil- 
lary tube,  and  again  passed  into  the  oxygen  absorber  an  additional  nine  or 
ten  times.  This  combined  procedure  is  repeated  twice,  the  pyrogallate  men- 
iscus reset  {17),  the  burette  thrown  into  communication  with  the  potash 
pipette,  the  levels  {18  and  19)  readjusted,  and  the  volume  read  on  the  burette. 
Absorption  should  be  continued  until  check  readings  are  obtained. 

These  three  volumes  are  now  corrected  according  to  the  recalibration 
of  the  burette.  The  difference  between  the  second  and  first  readings  represents 
the  volume  of  carbon  dioxide  in  the  sample ;  and  this  difference  divided  by  the 
first  reading  tells  the  percentage  of  this  gas  in  the  expired  air.  In  a  similar 
manner,  to  determine  the  percentage  of  oxygen  in  the  expired  air,  one  sub- 
tracts the  third  from  tlie  second  reading,  and  divides  the  difference  by  the 
original  volume. 

Pxinl;  of  Giis-aiialyzcrs. — The  arrangement  of  a  bank  of  six  gas-analyzers 
is  shoAvn  in  (Figs.  1  and  9).     A  stout  shelf,  8  feet  long  and  12  inches  wide. 


is  firmly  fastened  to  the  wall  at  a  height  of  3  feet  from  the  floor.  This  shelf 
supports  the  apparatus,  which  are  placed  with  intervals  of  4  inches  between 
the  bases.  Beneath  the  shelf  is  a  water-motor,  belted  to  a  speed-reducing  gear 
{1  to  68),  which  in  turn  is  belted  to  a  countershaft  (Fig.  12),  supported  from 
the  wall  at  a  height  of  25  inches  above  the  shelf.  This  countershaft  carries  a 
series  of  eccentrics  which  raise  and  lower  the  mechanical  arms.  A  %  inch 
iron  vacuum  pipe,  fitted  with  6  pet-cocks,  is  placed  along  the  wall,  2  inches 
above  the  shelf.  From  each  of  these  pet-cocks,  tubing  leads  to  the  suction- 
tube  {4,  Fig.  10)  of  the  apparatus.  Suction  is  applied  to  the  vacuum  pipe  by 
means  of  a  water  suction-pump.  Behind  each  apparatus  is  an  electric  plug 
to  connect  with  the  burette-reading  lamp. 

With  this  arrangement,  one  a.ssistant  can  readily  attend  six  analyzers. 
In  using  tlie  mechanical  arms  to  manipulate  the  gas,  one  grasps  the  mercury 
reservoir  {9)  in  the  right  hand,  the  left  hand  detaches  the  cord  from  the  res- 
ervoir and  places  the  weight  on  the  .shelf.  The  reservoir  is  then  hooked  to 
the  mechanical  arm  {25,  Fig.  10).  The  arm  has  a  movement  of  about  4  inches. 
A  rate  of  8  or  9  times  a  minute  keeps  the  mercurj-  moving  from  the  bottom 
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to  tlic  t(i|)  111'  llic  liurcllc  liull).     The  throw  of  the  iiuTciiry  is  rciiul.-ilfd  liy  tli 
spccil,  and  liy  Ilic  aiiiouiit  ol'  mercury  in  the  reservoir. 


and 
j)hi(' 


C.U.CIT-ATION'    OP   THE   BASAL   METABOI-ISM 

In  cahMihitinu-  the  liasal  iiirt;iliolisiii.  the  scheme  worlvcd  (Hil  liy  liiMilhliy 
Sandil'ord*  lias  limi  iuloiitcd.  In  their  calculations  these  authors  use  four 
('   lofTs   witiionl    the   charaetoristics.   iiiid    hy   arraiiLrini:   the   various   stpp.s 


■For  thr  (Iciails  of  ilic  calculations  and  the  necessary  tattles,  reference  should  be  made  to  ilic  book 
iiliby  and  Sandiford.*^     T)ie  calibration  of  the  gasometer  is  also  detailed  in  this  publication. 
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ill  their  order  of  sequence,  the  entire  calculation  is  made  on  one  form-slieet 
(Fig.  13).  This  form  has  bracketed  instructions  for  each  step  so  that  the 
danger  of  mathematical  errors  is  largely  eliminated.  For  expressing  the 
volume  of  expired  air  at  normal  temperature  and  pressure,  they  have  de- 
vised log  tables  of  the  factors  which,  at  one  step,  make  corrections  for  the 
brass-scale  barometer,  water  vapor,  temperature,  and  pressure.  The  tripli- 
cate analyses  of  the  expired  air  are  recorded  on  the  same  form  sheet.  Tables 
are  given  for  computing  the  volume  of  oxj-geu  inspired,  based  on  a  comparison 
of  atmospheric  and  expired  nitrogen.  The  oxygen  absorbed  is  determined  by 
subtracting  the  expired  oxygen  from  the  estimated  inspired  oxygen.  One 
subtracts  the  carbon  dioxide  in  atmosjiheric  air  (0.04  per  cent)  from  that 
found  in  the  expired  sample,  in  this  way  determining  the  carbon  dioxide  pro- 
duced. The  ratio  of  carbon  dioxide  produced  to  oxygen  absorbed  is  the 
resjiiratdi'v  quotient,  and  this  value  being  known,  by  consulting  the  tables 
one  can  determine  the  number  of  calories  produced  as  a  result  of  the  con- 
sumption of  the  determined  amount  of  oxygen  per  hour.  This  heat  production 
is  expressed  in  terms  of  calories  per  square  meter  of  body  surface  per  hour, — 
the  surface  area  being  derived  from  DuBois  height-weight  chart.  The  basal 
metabolism  is  recorded  as  the  per  cent  above  or  below  the  average  normal 
standard  of  Aub  and  DuBois. ^^ 


A  detailed  description  has  been  given  of  apparatus*  used  in  determining 
the  respiratory  exchange  in  man.  The  arrangement  described  is  suitable  for 
routine  laboratory  or  institutional  use  in  determining  the  basal  metabolism. 
The  particular  features  are  the  use  of  the  full-sized  gas  mask,  the  special  ar- 
rangement of  rubber  flutter-valves,  a  newly  designed  gasometer,  the  use  of  a 
new  type  of  gas-sampling  bottle  in  conjunction  with  the  Henderson-Haldane 
gas-analysis  apparatus,  a  detailed  description  of  the  construction  and  use  of 
the  latter,  with  several  added  mechanical  features  which  greatly  lessen  the 
labor  of  gas  analyses. 
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DISTRIBUTION  OF  URIC  ACID  IN  THE  BLOOD* 


By  Ruth  C.  Theis  and  Stanley  R.  Benedict,  New  York  City 


FOR  the  past  two  years  as  opportunity  offered,  we  have  been  studying  the 
distribution  of  uric  acid  between  phisma  and  corpuscles,  as  well  as  the 
permeability  of  corpuscles  to  added  uric  acid.  In  the  meantime  Bernstein 
and  Griesbach^  published  a  paper  dealing  with  the  uric  acid  content  of  whole 
blood  and  plasma  before  and  after  incubation  and  after  heating  in  a  water- 
bath  to  56°  for  one-half  hour.  By  determining  uric  acid  in  the  whole  blood  and 
serum  and  determining  the  corpuscle  volume  of  the  blood,  they  calculated  the 
corpuscle  uric  acid  on  a  basis  of  milligrams  of  uric  acid  per  100  c.c.  of  cor- 
puscles. In  their  study  of  20  cases  they  found  2  in  which  serum  and  cor- 
puscle uric  acid  were  equal  on  a  volume  basis;  13'  in  which  serum  uric  acid 
was  less  than  corpuscle  uric  acid;  and  5  in  which  serum  uric  acid  was  greater 
than  the  uric  acid  in  an  equal  volume  of  corpuscles. 

We  employed  the  Benedict-  modification  of  the  Folin-Denis  method  for 
uric  acid  determinations,  using  10  c.c.  of  blood,  and  aluminium  cream  for  the 
second  protein  precipitation  instead  of  colloidal  iron.  Corpuscle  volume  was 
determined  by  the  hematocrit.  For  the  bloods  from  the  wards  of  the  IMemo- 
rial  Hospital  we  are  indebted  to  Dr.  William  Stone;  for  bloods  from  the  Roose- 
velt Hospital  to  Dr.  William  Lyle.  The  former  bloods  were  defil)rinatcd  and 
the  latter  oxalated. 

In  a  series  of  104  cases  Ave  have  determined  sometimes  both  plasma  and 
corpuscle  uric  acid,  sometimes  calculated  corpuscle  uric  acid  from  the  known 
corpuscle  volume  and  sometimes  calculated  from  the  average  corpuscle  volume 
of  35  per  cent.     Finally  the  permeability  of  the  corpuscles  to  added  uric  acid 

Table  I 
Distribution  op  Uric  Acid  Between  Plasji.v  and  Corpuscles 


CASE    NO. 

whole 

serum 

CORPUSCLE 

BLOOD 

URIC 

UEIC 

VBIC  ACID 

ACID 

ACID 

MG.  PERIOD 

MO.  PER  100 

JIG.  PER  100 

1 

3.4 

:!.! 

.3.4 

2 

2.8 

3.0 

l.S 

:i 

3.6 

3.4 

3.7 

4 

2.fi 

.■i.o 

l.S 

-) 

fi.n 

(i.4 

2.3 

li 

2.7 

2.(> 

2.8 

7 

4.8 

4.:: 

4.7 

8 

2.9 

2.6 

2.6 

!) 

3.7 

2.6 

3.8 

10 

3.1 

3..') 

2.6 

Jl 

3.7 

3.4 

3.3 

12 

3.9 

3.3 

3.1 

'From  the  Hiintinglon   Fund   for  Cancer   Kcscarch,   Memorial   Hospital,   and   tlie  Harriman   Research 
Laboratory,    Roosevelt   IIos|>ilal,    New    York. 
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was  tested.  Both  defibriuated  and  oxalated  bloods  were  used.  From  the 
figures  which  follow  we  can  see  that  the  various  methods  of  approach  serve  to 
show  that  the  relationship  is  a  fairly  constant  one.  Cases  are  divided  almost 
equally  between  those  in  which  uric  acid  is  equally  divided  or  those  in  which 
it  is  greater  in  the  plasma. 

The  12  eases  shown  in  Table  I  represent  those  in  which  uric  acid  was 
determined  on  the  corpuscles  as  well  as  whole  blood  and  serum.  Corpuscles 
were  washed  twice  with  .8  per  cent  NaCl.  Fifty  per  cent  of  those  bloods  show 
an  equal  distribution  with  one  exception;  the  others  show  that  uric  acid  is 
higher  (.9-4.1  mg.  per  100)  in  the  serum  than  in  an  equal  volume  of  corpuscles. 


Table  II 

Distribution  of  Uric  Acid  Between  Plasma  and  Corpuscles* 

Basod  on  determinations  in  plasma  and  whole  blood,  and  calculation  from  corpuscle  volume. 


CASE 


DIAGNOSIS 


WHOLE  PLASMA  CORPUS-  CORPUS- 


BLOOD 

URIC 

ACID 

MO.  PER 

100 


URIC 

ACID 

MG.  PER 

100 


CLE 

URIC 

ACID* 

MG.  PER 

100 


CLE 
VOLUJIE 

7c 


Neurasthenia 

Normal   (?) 
Pregnancy 


Previous 
eclampsia 
Ca.   Uterus 
B'rain  Tumor 
Ch.  Nephritis 
Cardio.  Neph: 
Pregnancy 


Normal 

Syphilis 

Arterio 

Sclerosis 

Nephritis 

Decomp. 


1.7 
3.4 
4.2 
1.8 
3.4 
4.4 


3.6 
4.7 
5.8 
2.8 
2.1 
3.6 


4.9 
3.2 
4.2 
3.6 
2.6 
4.3 
5. .5 
3.5 
5.5 
4.0 

4.8 
6.7 
6.9 
2.1 


2.4 
1.9 


1.9 
3.0 


2.6 
1.0 


1.7 
3.2 


1.3 

4.6 


*  Where  the  variatio 
.5  mg.  per  100  c.c.  it  is 
equal  volume. 


i  content  of  whole  blood 
acid   content    of    plasma 


na   of   plasma 
id    corpuscles 


s   not   exceed 
equal    for    an 


Table  II  shows  a  series  of  22  cases  of  oxalated  bloods  with  corpuscle  uric 
acid  determined  from  the  known  corpuscle  volume.  Since  a  small  error  in 
reading  of  either  whole  blood  or  plasma  uric  acid  would  cause  a  very  great 
difference  in  the  calculated  corpuscle  uric  acid,  plasma  uric  acid  that  was 
0.5  mg.  per  100  higher  or  lower  than  the  whole  blood  was  considered  equal. 
The  corpuscle  would  theu  be  the  same  also.  These  results  may  be  summarized 
as  follows:  8,  or  36  per  cent,  give  equal  values;  in  13,  or  59  per  cent,  plasma 
uric  acid  is  greater  than  corpuscle  uric  acid,  with  7  negative  in  the  corpuscles 
and  1  in  Avhich  plasma  uric  acid  is  less  than  corpuscle  uric  acid. 
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Thirty  oxalated  bloods,  where  corinisele  volume  was  arbitrarily  set  at 
35  per  cent  (average  of  corpuscle  volume  in  Table  I)  show  that  15,  or  50  per 
cent,  have  equal  values.  Ten,  or  33  per  cent,  have  plasma  uric  acid  greater 
than  corpuscle  uric  acid,  and  5,  or  16  per  cent,  have  plasma  uric  acid  less  than 
corpuscle  uric  acid.  This  is  the  only  series  in  which  there  is  such  a  large  per- 
centage of  cases  in  which  the  corpuscle  uric  acid  exceeds  the  plasma  uric  acid. 
Twenty  cases  of  defibrinated  bloods  show  10,  or  50  per  cent,  equal  values;  9, 
or  45  per  cent,  with  plasma  uric  acid  greater  than  corpuscle  uric  acid,  and  1 
with  plasma  uric  acid  less  than  corpuscle  uric  acid. 

Since  each  series  showed  practically  the  same  relationship  between  plasma 
and  corpuscles,  we  were  interested  to  see  whether  the  corpuscles  are  permeable 
to  added  uric  acid.  Uric  acid  was  dissolved  in  lithium  carbonate  solution  and 
was  added  to  the  blood  in  quantities  of  from  2  to  5  mg.  per  100  c.c.  of  blood 
and  left  overnight.  Whole  blood  uric  acid,  plasma  uric  acid  before  and  after 
addition  of  uric  acid  and  corpuscle  volume  were  determined.     Table  III  shows 

Table  III 

Pf^RMEABILrrY    OF    CORPUSCLES    TO    AllDED    UUIC    AciD* 


CASE      WHOLE 

PLASMA 

CORPUSCLES 

CORPUSCLE 

DISTRIBUTION 



NO.          BLOOD 

URIC 

URIC 

VOLUME 

OF   ADDED 

TIBIC  ACID 

ACID 

ACID 

% 

URIC 

MG.  PER  100 

MG.  PER  100 

MG.  PER  100 

ACID 

34              3.3 

4.7 

1.1 

33 

Plasma 

S.') 

2.5 

3.7 

36 

1.8 

2.5 

37 

1.7 

2.4 

38 

2.4 

4.0 

30 

1.7 

3.7 

40 

2.8 

.3.4 

41 

2.7 

4.6 

42 

.3.5 

3.0 

43 

4.2 

.3.7 

44 

2.4 

2.6 

45 

1.3 

1.2 

4() 

2.2 

2.5 

47 

1.5 

1.8 

48 

2.6 

3.1 

49 

3.9 

4.4 

50 

1.2 

1.3 

51 

.8 

.8 

52 

5.3 

5.5 

53 

1.7 

2.0 

,32  " 

26  " 

27  " 

30  Equallv   distributed 

.35  ■  " 

30  Plasma 

40  Equally  distributed 

30  Plasma 

30 

28  Equally  distributed 
23  Plasma 

34 

26 

29 

34  Equallv   distributed 

39  Plasma 

32 

36 

33  Equallv   di.stributed 


•Where  the  variation  between  the  uric  acid  content  of  whole  blood  and  of  plasma  docs  not  exceed 
.5  mg.  per  100  c.c.  it  is  assumed  that  the  uric  acid  content  o(  plasma  and  corpuscles  is  equal  for  an 
equal  volume. 

the  results  of  these  determinations,  the  last  column  showing  whether  added 
uric  acid  was  concentrated  in  the  plasma  or  equally  distributed.  Sixty  per 
cent  of  the  20  cases  .show  ecjual  values  in  the  original  blood  and  in  40  per  cent 
plasma  uric  acid  is  greater  Ihaii  corpuscle  uric  acid,  and  6  of  these  show  no 
uric  acid  in  the  corpuscles.  In  14  ciises  the  added  uric  acid  is  all  iiresciit  in 
the  plasma  ;  5  of  these  had  sluiwn  tlie  plasma  of  the  original  blood  hi^licr  than 
llie  ccii-pusrlcs.  wliile  ill  I)  tlie  iiiii-  arid  liad  been  equally  distributed.  In  H 
cases  the  added  uric  acid  was  equally  distributed;  in  3  of  these  the  original 
m-ic  acid   had  been  e(|ual]y  dislributed. 
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If  we  cousider  whole  blood  aud  plasma  uric  acids  equal  if  there  is  a  dif- 
ference of  .5  mg.  between  them  in  Bornstein  and  Griesbaeh's  table  as  we  did  in 
our  calculation,  we  find  that  35  per  cent  of  their  cases  have  equal  values;  in 
45  per  cent  serum  uric  acid  is  greater  than  corpuscle  uric  acid;  aud  in  only 
20  per  cent  is  serum  uric  acid  greater  than  corpuscle  uric  acid.  In  our  series 
of  104  bloods  only  8  have  a  higher  corpuscle  uric  acid,  while  all  otlier  bloods 
show  either  equal  distribution  or  higher  concentration  in  the  plasma. 

This  holds  whether  the  bloods  are  defibrinated  and  obtained  from  patients 
suffering  from  cancer  and  allied  diseases  (Memorial  Hospital)  or  oxalated  and 
obtained  from  a  general  hospital  service  (Roosevelt  Hospital).  As  a  matter  of 
fact,  out  of  the  42  cases  in  which  corpuscle  volume  was  determined  by  the 
hematocrit  there  were  13  in  which  there  was  no  uric  acid  in  the  corpuscles. 
When  uric  acid  is  added  to  the  blood,  the  plasma  contains  all  the  added  uric 
acid  in  a  large  percentage  of  eases. 

SUMMARY  AND   DISCUSSION 

1.  Uric  acid  was  determined  in  plasma  and  corpuscles  in  104  cases,  51  of 
which  showed  equal  distribution;  45  showed  plasma  uric  acid  greater  than 
corpuscle  uric  acid  and  8  showed  a  greater  amount  of  uric  acid  in  the  corpus- 
cles than  the  plasma. 

2.  This  relationship  holds  whether  the  blood  is  oxalated  or  defibrinated 
and  does  not  depend  on  the  pathologic  condition. 

3.  Added  uric  acid  did  not  penetrate  the  corpuscles  in  70  per  cent  of  20 
bloods  studied.  In  30  per  cent  of  the  cases  the  added  uric  acid  was  equally 
distributed  between  corpuscles  and  plasma. 

The  marked  difference  in  permeability  of  the  corpuscles  of  certain  bloods 
for  added  uric  acid  is  of  interest,  and  suggests  that  other  cells  in  the  body  may 
show  similar  differences  in  permeability.  Such  findings  may  tend  to  throw 
light  on  the  questions  involved  in  specific  uric  acid  retention  in  the  organism. 
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analysis  op  sickness  rates  in  individual  rooms  and  schools 

AS  we  have  pointed  out  in  the  introiKictorv  remarks,  great  care  must  be 
taken  in  drawing  conclusions  as  to  tlu'  correlation  of  different  facts  from 
the  average  results  of  a  group.  In  the  study  before  us  it  will  be  necessary  to 
inquire  into  the  records  of  each  school  and  of  the  individual  rooms  to  see 
whether  they  agree  uniformly  with  the  characteristics  of  the  group. 

In  Tables  XI  and  XII  are  assembled  records  for  each  room  covering  the 
nature  of  air  conditions  and  the  amount  of  respiratory  sickness. 

It  is  noticeable  that  there  is  a  wide  variation  in  respiratory  illness.  Room 
415  (Type  B)  at  P.  S.  22  in  the  second  study  had  no  absences  whatever  from 
respiratoiy  illness.  Room  311  (Type  C),  P.  S.  115,  in  the  second  study,  has  a 
rate  of  50.4.  These  represent  the  minimum  and  maximum  limits.  The  range 
of  respiratory  sickness-in-attendance  rates  is  even  greater — from  zero  to  lilU. 

Room  311,  P.  S.  59  (Type  A)  is  the  most  congested  in  the  tirst  study, 
there  being  but  6.5  square  feet  of  floor  space  per  pupil.  In  spite  of  this 
crowded  condition,  llic  absence  rate  from  respiratoiy  disease  is  only  0.6 — one 
of  the  lowest.  On  the  other  hand.  Room  202,  P.  S.  165,  being  the  least  con- 
gested, with  19. ()  s(|uare  feet  ])er  pupil,  has  a  respiratory  absence  rate  of  37.0, 
a  very  high  figure.  Overciowding  does  not  inevitably  lead  to  respiratory 
illness. 

The  averafi'c  teinpcrat  iirr  of  Type  A  i-oonis  Mas  about  59  degrees  in  both 
studies.  This  is  iinicli  colder  than  tlie  oi-(liii,ir\-  school  room.  In  faet.  it 
.seems  from  our  iicneral  experience  I'lilii-ely  too  cold  for  public  school  cliililren. 
and  \et,  on  lookiu'i'  o\-er  the  alisence  rates,  there  is  no  indication  that  these 
children  had  moi'e  colds  as  a  result.  Jn  fact,  the  average  absence  I'ate  for  the 
entire  grou|i  is  lower  than  the  other  two  ventilation  types,  as  has  already 
been  pointed  out.  In  the  first  study  there  are  otdy  two  rooms  in  Type  A  with 
rates  over  20.  There  arc  three  each  in  Types  B  and  C.  Resi)iratory  sickness 
among  those  present  in  school  is  greater  in  Tyjie  A  than  in  B,  but  less  in  A 
than    ill    (  '. 

Ill  spite  of  tlie  well  iiiteiitii 1  efforts  to  lialaiice  the  three  types  of  rooms 

ill   the   matter  of  scl Is  and    type  of   pupil,   this   coiihl    ikiI    he   carried   out    1o 
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Table  XII 
Kecokds  of  Individual  Booms  ix  Second  Study 

respiratory  sickness  rates  per  cent 
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-Cold  Open 

Windorv 
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12 
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3.9 

46.6 

50.7 

59.9 

58.0 

28 

0 

2  A 

409 

8.1 

13.7 

21.8 

61.3 

54.4 

18 

0 

4  B 

410 

11.1 

14.2 

25.3 

60.3 

56.0 

33 

0 

4  B 

39 
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6.9 

65.0 

71.9 

58.7 

41.3 

65 

4 

3  A 

203 

13 

40.0 

53.0 

56.2 

43.4 

72 

2 

4  A 
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21.6 

45.9 

67.5 

56.6 

43.1 

72 

1 
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37.0 

58.7 

42.2 

46 

7 
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9.3 
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55 

0 
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59 
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0 
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73 
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71 

2 
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34.8 

46.4 
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45.9 

67 
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44.7 

72 

.5 
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63.5 

45.3 

50 

29 
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22 
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17 

82 
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23 
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418 
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31.3 
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37.2 
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7  A 

39 
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33.6 

44.5 

63.0 

40."3 

19 

0 

4  A 
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8.6 

42.8 

51.4 

65.0 

37.7 

23 

3 

5  A 

408 

2.9 

58.0 

60.9 

65.2 

39.0 

9 

31 

5  A 

59 
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3.7 

187 
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64.9 

48.5 

4 

61 

3  A 

415 

16.2 

158 

174.2 

58.8 

48.2 
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0 
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73 
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9.7 

23 

32.7 

61.6 

46.5 

45 
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67.1 

43.3 

17 
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16 
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— 
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.T 
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Table  XII  (roxTixuED) 

RESPmATOEY    SICKNESS   RATES  PER  CEKT   SESSIONS 
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:;:i  Bx!" 

14 

20.3 

2.3 

52.3 

71.0 

28.6 

1 

2 

6  B 

24 

45.4 

125 

170.4 

70.2 

32.0 

3 

3 

5  A 

ol  Bx. 

203  (Hum, 

.)      4.0 

14S 

152 

67.6 

43.6 

0 

39 

6  A 

205 

14.7 

50 

64.7 

67.4 

29.0 

0 

2 

6  A 

59 

203 

10.8 

1S2 

19S.S 

(>9.2 

47 

10 

12 

6  B 

205 

13.9 

275 

28S.9 

69.2 

45.5 

17 

5 

6  B 

206 

9.9 

:;io 

325.9 

69.6 

46 

16 

1 

6  A 

501 

12.4 

256 

26S.4 

68.9 

49 

7 

6 

5  B 

503 

9.1 

197 

206.1 

69.2 

47.9 

25 

1 

5  B 

505 

S.3 

112 

120.:; 

6fS.7 

49.3 

2 

13 

6  A 

si- 

303 

2.3 

34.1 

36.4 

68.0 

43.1 

84 

2 

4  B 

308 

2.7 

34.7 

37.4 

68.3 

40.2 

79 

4 

5  A 

502 

(i.8 

43.3 

50.1 

66.3 

44.8 

91 

3 

6  B 

ll-", 

3n,s 

44 

24.,S 

6S.S 

(i7 

27.2 

o 

-, 

4  A 

oil 

50.4 

51.6 

102 

68.2 

25.2 

0 

6 

4  B 

147 

210 

1  (5.6 

11.9 

28.5 

6S.1 

42.4 

30 

13 

3  A 

304 

3.6 

6.8 

10.4 

67.7 

40.4 

22 

3(i 

4  B 

305 

4.2 

12.4 

10.0 

67.1 

42 

49 

9 

5  A 

1(15 

201 

11.9 

196 

207.9 

68.4 

3.3.3 

0 

0 

4  A 

202 

.5.3 

151 

156.3 

68.0 

34.5 

0 

0 

3  B 

220 

10 

181 

191 

69.2 

35 

0 

0 

4  A 

308 

l.S 

154 

1.55.8 

68.7 

35 

0 

0 

5  B 

tile  ilcyrcc  (Icsii-cil.  If  the  pupils  iu  one  dislrict  an'  liy  ri'asoii  (if  hfrcililary 
and  ciixirciiiiiii'iital  inlluciiccs  more  susccptililo  to  ciilds.  IIiimi  tliis  school  will 
unduly  vn'isv  ilic  si(d<iicss  rale  in  the  Yentilatioii  tyjx'  within  whieli  the  major- 
ity of  its  records  fall. 

Of  tlie  12  schools  nscil  in  the  two  studies,  only  one  jiossessed  all  three 
exainjiles  of  veidilalion.  In  one  other  instaiu'i'  the  three  1>p<'s  wfvc  repre- 
sented by  two  scdiools  a  hloek  or  so  apart,  one  seliool  liaxiii'j'  Txpe  ('  and  the 
other,  Types  A  and  ll.  In  all  other  instances  there  wi-re  iml  more  than  two 
types  representi'd  witliin  a  scdiool  hnildint!:.  some  liuildini;s  lia\in,L!'  .\  and  K  and 
others,  B  and  ( '.     'I'he  dixisimi  of  rooms  is  revealeil  in  the  talile  lielow. 

One  e;in  readil\-  appneiati'  by  looUint:-  at  the  talile  how  the  results  would  he 
all'ected  if,  sa\-.  School  '■'•'.^  were  <riven  lo  very   little  sickness  and  School   147  1o 
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Table  XIII 
Distribution  op  Test  Rooms  among  the  Twelve  Schools  by  Ventilation  Type 


rlRST  STUDY 

SECOND   STUDY 

SCHOOL 

A 

B 

C 

A 

B 

C 

}2 

3 

r. 

0 

M 

3 

0 

147 

(1 

0 

3 

0 

0 

3 

i2 

(1 

0 

3 

."iil 

0 

3 

(i 

7 

0 

6 

73 

4 

3 

0 

4 

3 

0 

1(55 

0 

3 

4 

0 

3 

4 

39 

(i 

3 

0 

6 

3 

0 

2 

Bx. 

0 

3 

3 

0 

3 

3 

33 

Bx. 

0 

2 

2 

51 

Bx. 

0 

n 

9 

97 

0 

:> 

3 

115 

0 

3 

2 

Total 

IS 

21 

19 

20 

28 

28 

a  great  deal.  In  the  summarj-  of  all  rooms  Type  A,  having  6  rooms  in  School 
39  would  have  a  low  sickness  rate,  not  because  of  ventilation,  but  because  of 
its  personnel,  and  Type  C  would  be  inclined  to  have  a  high  rate,  not  because 
of  ventilation  but  because  of  the  numbers  of  children  from  School  147.  Theo- 
retically this  influence  should  have  been  eliminated  at  the  beginning,  but 
actually  this  was  found  impossible. 

The   total   respiratory   illness   rate    including   both    al)sentees    and    tliose 
present  in  each  school  is  shown  in  Table  XIY. 

Table  XIV 
Total  Eespieatoky  Illness  Rates  by  Schools 


SCHOOL 

first  study 

second  study 

97 

— 

46.7 

oo 

100.3 

13.6 

12  &  147 

31.1 

27.9 

73 

37.4 

44.2 

51  Bx. 

— 

106.4 

39 

103.1 

193.3 

39 

12.6 

51.6 

2  Bx. 

55.9 

24.2 

165 

77.9 

123.3 

33  Bx. 

— 

92.6 

A  considerable  variation  is  seen  in  the  illness  rates.  Schools  59  and  165 
are  relatively  high  in  both  studies.  Schools  12,  147  and  73  are  low  in  lioth. 
School  22  is  high  in  the  first  study  and  extremely  low  in  the  second. 

We  may  examine  the  effect  of  ventilation  apart  from  these  extraneous  in- 
fluences mentioned  first  by  inspecting  the  records  of  each  school  by  itself 
and  secondly  by  balancing  the  infiuence  Avhich  each  school  exerts  on  the  total. 

In  an  effort  to  illustrate  the  comparison  of  illness  rates  within  each  school 
we  have  prepared  Charts  I  and  II,  the  former  showing  Types  A  and  B  and 
the  latter,  B  and  C.  Both  measures  of  illness  among  the  absent  and  among 
those  present  are  included.  The  frequency  with  which  one  ventilation  type 
exceeds  the  other  in  amount  of  illness  conveys  an  impression  that  is  not  brought 
out  in  the  averages  for  eacli  ventilation  type. 
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111  the  comparison  of  the  window  ventilated  rooms  from  the  ehart,  Type 
B  exceeds  Type  A  in  respiratory  illness  in  nine  instances.  In  the  remaining 
seven  instances  Type  A  exceeds  Type  B.  There  is  then  no  prevailing  superior- 
ity of  one  type  over  another.  It  will  be  noted  in  the  summarj^  at  the  bottom 
of  the  chart,  \vhere  the  rates  have  been  averasied,  that  Type  B  sliows  less  re- 


COMPARISON  OF  RESPIRATORY    ILLNESS   RATES 

IN   VENTILATION  TYPES    A    (Cold  Open  Wmdo^  Rooms) 

AND    B     (  Moderate  Temperature,  Open  Window  Room5) 


trrpjRo' 


'/Kb 


seht 
77  66 

117:100 

|Atterjd4 

zelas 

Z4\lOO 


A^se^lt 
aolsa 

IQ2iOO 


In 


Attend  or 

A  i4a;e6  ~ 

7^1/00  ■ 


U.4 


Abtseht 

1.^155 

B    WiOO 
lifi  Atten. 

3.—    A  .39  67 

IB  (45.100 


A  V7-z\t) 

B  ;9l  100 
1  /Sjttend. 
A  3*90 

B  Ise.lioo 


Absent 

A 
B 

9,7 

ao 

00 

InAHendonce 

A 
B 

W5 

109 
100 

.spiratory  illness  than  A.  This  is  due  to  the  influence  of  .several  high  rates  in 
Type  A.  Incidentally  this  illustrates  how  an  erroneous  impression  may  be 
gained  from  averages  alone 

In  the  comparison  bclwccii  Types  H  and  ( '.  the  latter  exceeds  the  fcinner 
ill  respiratiiry  illness  in  eighteen  iiislaiiees;  wliei'eas  H  exceeds  ('  in  (nily  seven 
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instances.  This  result  is  niueli  more  significant  than  in  the  ijrevious  comi^arison. 
The  averages  of  the  rates  are  consistent  with  tlie  tendency  of  the  iudividiial 
instances.  With  the  new  schools  used  in  the  second  study  included,  the 
average  for  Type  C  exceeds  B  in  both  measures  of  respiratory  illness.  The 
same  is  true  with  the  new  schools  omitted. 


COMPARISON  OF  RESPIRATORY  ILLNESS  RATES 

IN    VENTILATION     TYPES     B     (Moderate  Temperature 
Open  Window  Rooms)    AND    C     (Moderate   Temperature 
Fair      Ventilated      Roorris) 


This  analysis  confirms  Avhat  has  been  brought  out  previously — that  the 
difference  between  Types  A  and  B  is  insignificant;  whereas,  between  B  and 
C  there  is  a  distinct  exct'ss  of  illness  in  the  fan  ventilated  rooms. 

In  School  59  all  three  types  of  ventilation  are  represented.  We  have  in 
this  instance  a  good  measure  of  ventilation  influences  on  pupils  of  the  same 
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frencral  ('haraeteristics.  The  fan  ventilated  rooms  have  the  jrreatest  respira- 
tory illness  in  both  studies.  The  relative  positions  of  A  and  B  are  not  the  same 
ill  the  two  studies,  the  cold  rooms  having  more  illness  in  the  first  study  and  less 
in  the  second. 


Table  XV 
Respiratory  Illness  Rates  in  Three  Ventilation  Types  at  School  o9 


VENTILATION 
TYPE 


FIRST  STUDY 


SECOND   STUDY 


SICKNESS        SICKNES 
CAUSING  IN 

ABSENCE  SCHOOL 


SICKNESS      SICKNESS 
CAUSING  IN 

ABSENCE  SCHOOL 


A 

•i.6 

90 

94.6 

9.0 

148 

157 

B 

9.1 

53 

62.1 

10.2 

172 

182 

C 

13.7 

],39 

1.52.7 

11.7 

223 

235 

The  room  temperature  for   each   type   averaged   as   follows: 


58.8 
65.4 


58.7 
61.9 
69.1 


The  fan  ventilated  rooms  were  the  warmest,  exceeding  the  Type  B 
rooms  by  2.8  degrees  in  the  first  study  and  by  7.2  degrees  in  the  second. 
These  results  are  consistent  in  showing  less  illness  in  the  window  ventilated 
rooms. 

In  one  other  instance  the  three  ventilation  types  are  to  be  found  divided 
between  two  schools  within  a  block  of  each  other  and  for  all  practical  pur- 
poses the  characteristics  of  the  pupils  are  the  same.  The  sickness  rates  for 
Schools  12  and  147  are  shown  in  Table  XVI. 


Table  XVI 

RESPIRATORY   IlLXESS   RaTES   IN    THREE   VENTILATION    TYPES   AT    SCHOOLS    12   AND    147 


VENTILATION 
TYPE 


FIRST    STUDY 


SECOND   STITJY 


SICKNESS        SICKNES 
CAUSING  IN 

ABSENCE  SCHOOL 


SICKNESS      SICKNESS 
CAUSING  IN 

ABSEXCE  SCHOOL 


A 

9.3 

8.6 

17.9 

7.7 

22 

29.7 

B 

7.0 

15 

22.0 

11.7 

24 

35.7 

C 

6.5 

47 

53.5 

8.2 

10 

18 

(Tempprature— 1st  Stu<ly  A  60.5,  B  66.6,  C  67.3;  2nd  Stuily,  .A   60.5,  B  63.2,  C  67.6.) 

The  fan  ventilated  rooms  appear  to  better  advantage  in  tliis  instance, 
for  illness  is  lowest  in  Type  C  in  the  second  study.  In  the  first  study  the  total 
illness  is  greatest  in  the  fan  ventilated  rooms,  aithdugli  the  illness  causing 
absence  is  the  lowest    of   tin'   three   tyi)es. 

Tlic    Tyjio    ('    1- is    at     School    .^if)    were    unusually    well    ci|ui])|ir(l    with 

mechanical  ventilation  facilities.  The  air  is  humidilicd  bcfurc  ciitcrini;  the 
room,  and  the  blowers  arc  capably  managed.  The  fan  ciiiiipmcnt  at  School 
147  is  older  and  the  rooms  wcrr  not  thoroughly  aerated  at  all  times,  and 
windows   were  fre(]ui'ntly    fmind   open. 

In  view  of  the  oft  rrpcalcd  assertion  that  liuinidilical  ion  and  air  w.ishing 
in    coinbiiiation    Avitli    the    picinini    fan    is    friuii    many    standjioints    a    superior 
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form  of  ventilation,  the  figures  of  this  stndy  are  of  special  interest.  A 
modern  form  of  mechanical  ventilation  with  warm  temperature  is  associated 
with  more  respiratory  sickness  than  naturally  ventilated  rooms  with  gravity 
exhaust.  On  the  other  hand,  fan  ventilation,  lacking  many  modern  features, 
as  in  P.  S.  147,  is  associated  with  less  respiratory  illness  than  naturally  ven- 
tilated rooms.  At  P.  S.  147  the  temperature  of  the  fan  rooms  was  lower  than 
at  P.  S.  59.  Raising  the  temperature  over  68  degrees  would  seem  to  be  more 
disturbing  to  health  than  reducing  the  volume  of  air  passing  through  the 
rooms. 

The  temperature  of  the  A  rooms  in  all  instances  was  lower  than  those  .se- 
lected as  B  rooms.  In  general  the  C  rooms  were  warmer  than  B,  although 
there  were  some   exceptions  to  this. 

Table  XVII 

Average  Temperature  and  Total  Respiratory  Illness  Rates  by 

Vkntilation  Types  in  Each  School 


FIRST 

STUDY 

SECOND 

STUDY 

SCHOOL 

VENTIL-WION 
TYPE 

TEMP. 

RATE 

TEMP. 

rate 

12 

A 

60.5 

17.9 

60.5 

29.7 

B 

66.6 

^2.0 

63.2 

.35.7 

147 

C 

67.3 

53.5 

67.6 

18.2 

39 

A 

57.2 

15.5 

57.7 

50.6 

B^ 

61.6 

9.5 

64.4 

52.5 

59 

A 

58.S 

94.6 

5S.7 

157 

B 

65.4 

62.1 

61.9 

182 

C 

68.2 

153 

69.1 

235 

73 

A 

60.1 

-A-t 

60.8 

41.2 

B 

65.3 

16.3 

66.6 

47.1 

2  Bx. 

B 

70.4 

57.0 

67.7 

19.6 

C 

69.1 

54.8 

66.1 

28.6 

22 

B 

69.6 

51. S 

67.7 

11.1 

C 

68.1 

22.7 

i>6.3 

16.1 

165 

B 

69.6 

50.4 

67.6 

66.0 

C 

70.9 

105 

6S.6 

180 

33  Bx. 

B 

_ 

69.4 

76.2 

C 

— 

70.6 

109 

115 

B 

— 

67.6 

30.4' 

C 

" 

67-6 

47.2* 

97 

B 

66.7 

52.0 

C 

67.6 

40.7 

Whenever  temperatures  are  over  68  degrees,  the  warmer  rooms  have  the 
greater  sickness,  regardless  of  whether  Type  B  or  C.  When  temperatures 
are  below  68,  the  window  rooms  have  less  sickness  in  four  instances  and 
more  sickness  in  two  instances. 

It  may  be  pointed  out  in  this  connection  that  even  where  the  temperatures 
of  a  fan  and  window  room,  as  measured  at  the  three-foot  level,  are  identical, 
the  window  room  is  actually  cooler,  for  the  temperature  at  the  floor  level  is  al- 
wavs  lower  in  the  window  rooms. 
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The  second  means  ol'  shedding  light  on  the  significance  of  the  grand  av- 
erages is  by  equalizing  the  influence  of  each  school  in  each  ventilation  group. 
In  doing  this  we  have  combined  the  two  studies,  omitting  the  schools  that 
were  not  represented  in  both.  Where  there  are  9  rooms  at  a  school,  6  in 
Type  A  and  3  in  Type  B,  we  have  reduced  the  number  in  the  first  type  to  three 
by  averaging  the  two  highest  readings,  the  two  lowest  and  the  two  interme- 
diate. Where  there  are  four  readings,  we  have  averaged  the  two  highest  and 
used  the  other  two  as  they  stand.* 

We  have  illustrated  in  Tables  XVIII  and  XIX  the  manner  of  making 
this  computation  by  showing  the  selected  rates  used  along  with  the  original 
figures. 

In  Table  XX  will  be  found  the  averages  of  the  rates  both  actual  and  ad- 


Tablic  XVIII 

Actual  axd  Selected  Respiratory  Illness  Rates  bv  Rooms 

Comparison  of  Types  A  and  B  (Both  Studies  Combined) 


ABSENCE 

KATE 

ILLNESS 

IN 

ATTENDANCE 

RATE 

TYPE 

A 

TYPE  B 

TYPE 

A 

TYPE  B 

SCHOOL 

ACTUAL 

SELECTED 

ACTUAL 

SELECTED 

ACTUAL 

SELECTED 

ACTUAL 

SELECTED 

12 

15. 

15. 

4.5 

4.5 

10. 

10. 

15. 

15. 

8.6 

S.6 

11.3 

11.3 

3. 

3. 

14 

14. 

5.0 

5.0 

5.1 

5.1 

16. 

16. 

17. 

17. 

.3.9 

3.9 

9.5 

9.5 

47. 

47. 

33. 

33. 

8.1 

8.1 

15.9 

15.9 

14. 

14. 

31. 

31. 

11.1 

11.1 

9.9 

9.9 

14. 

14. 

6. 

6. 

39 

11. 
11. 

11. 

6.9 
21. 

6.9 
21. 

;;■ 

2. 

0. 

0. 

14. 

14. 

1.4 

1.4 

2_ 

1. 

1. 

1. 

14 

.6 

21 

19. 

0 

0 

0 

0 

17 

0 

(3.9 

6.8 

10.9 

10.9 

65. 

55. 

34. 

34. 

li." 

8.6 

8.6 

46 

9.3 

10.5 

2.9 

2.9 

40 

35. 

43. 

43. 

11.7 

30 

13.0 

17.3 

25. 

21. 

58. 

58. 

21.G 

is'. 

Oil 

.fi 
.6 

.6 

15.1 
10.9 

15.1 
10.9 

210. 
91 

151. 

61. 

61. 

8.2 
8.5 
5.8 

8.4 

1.5 

1.5 

72. 

47. 

91. 

91. 

5.8 

21 . 
74. 

74. 

15. 

15. 

26.8 

3.7 

3.7 

213. 

9.2 

IS. 

16.2 

16.2 

165 

ISO. 

IS  7. 

187. 

8.5 

10. 

124 

8. 

8.3 

91 

108 

158. 

158. 

4.3 

144 

3.0 

3.8 

150. 

147. 

173. 

4. 

147. 

"3 

25.8 
11.5 

18.8 

3.2 
10.2 

3.2 
10.2 

57. 
34. 

.•".4! 

1. 
1. 

1. 
1. 

6.4 

6.4 

10.4 

10.4 

32. 

32. 

21. 

21. 

lO.S 

10.8 

11.6 

8.9 

9.7 

9.7 

42. 

42. 

23. 

2.".. 

6.2 

2.7 

2.7 

35. 

35. 

41. 

41. 

6.1 

6.1 

16. 

le. 

IS. 

18.' 

51. 

51. 

5.1 

5.1 

•This 

might    be 

done    by    averaging    the 

two    lowest 

or    the 

two 

intcrnied 

.itc    rates 

letting    the 

highest   valu 

e  stand. 

The 

difference, 

however, 

s  too  slight 

to  alter 

the 

final 

result. 
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Table  XIX 

Actual 

AND  Selected  Respiratory  Illness  Rates  by  Rooms 

Comparison  of 

Types  B 

.\ND  C  (Both  Studies  Combin 

ED) 

ABSENCE  EATES 

ILLNESS  IN  ATTENDANCE  RATES 

TYPE  B 

TYPE  c 

TYPE 

B 

TYPE 

C 

SCHOOL 

ACTUAL 

selected 

ACTUAL 

SELECTED 

ACTUAL 

SELECTED 

ACTUAL 

SELECTED 

2  Bx. 

3.1 

3.1 

13. 

13. 

36. 

36. 

64. 

64. 

31.   • 

31. 

.8 

.8 

38. 

38. 

3.3. 

33. 

l<i.4 

16.4 

13.3 

13.3 

47. 

47. 

47. 

47. 

10.7 

10.7 

22.4 

22.4 

10. 

10. 

26 

26. 

7.7 

7.7 

13.2 

13.2 

6. 

6. 

Vi. 

17. 

11.(3 

11.6 

1.3 

1.3 

12. 

12. 

4. 

4. 

22 

5.7 

5.7 

7.0 

7.0 

7. 

7. 

4. 

4. 

8.0 

8.5 

10.5 

10.5 

7. 

7. 

12 

12. 

8.0 

8.0 

8.9 

8.9 

0 

o' 

25. 

0 

0 

4.8 

4.8 

0 

0 

6. 

6. 

5.5 

5.5 

3.5 

3.5 

3. 

3. 

1. 

1. 

.9 

.9 

14.4 

14.4 

25. 

25. 

IS. 

18. 

59 

15.1 

15.1 

17.9 

17.4 

61. 

61. 

188. 

176 

10.9 

10.9 

16.9 

91. 

91. 

163. 

1.5 

1.5 

16.S 

12.6 

10.4 

8.0 

14.7 
9.2 

15. 

15. 

149. 
140. 

97. 

97. 

145. 
97. 

3.7 

3.7 

16.8 

15.4 

187. 

187. 

316 

296. 

16.2 

16.2 

13.9 

158. 

158. 

275. 

10. 

12.4 
9.9 
9.1 

8.3 

11.2 

87 

173. 

256. 
197. 
182 

112, 

147. 

12  & 

4.5 

4.5 

8.4 

8.4 

15. 

15. 

46. 

46. 

147 

11.3 

11.3 

1.5 

1.0 

14. 

14. 

73. 

73. 

5.1 

5.1 

9.6 

9.6 

17. 

17. 

22 

9.5 

9.5 

16.6 

16.6 

3.3. 

33. 

12. 

12. 

15.9 

1.5.9 

3.6 

.3.6 

31. 

31. 

9.9 

9.9 

4.2 

4.2 

6. 

6. 

12. 

12. 

105 

10.4 

10.4 

37.0 

36.1 

21. 

21. 

156. 

119. 

5.7 

5.7 

35.0 

.38. 

38. 

82. 

26.4 

26.4 

34 
12. 

34. 

12. 

48. 

48. 

34. 
34. 

.34. 
34. 

1.3 

1.3 

11.9 

11. 

09. 

99. 

196. 

189. 

10.4 

10.4 

10. 

56. 

56. 

181. 

8.1 

8.1 

5.3 

1.8 

5.3 

1.8 

33. 

33. 

1.34. 
151. 

154. 
151. 

justed.  Where  the  .school  iuflueuee  is  thus  equalized  in  each  veutilatiou  type 
the  average  illness  rates  are  appreciably  different  from  the  uncorrected  av- 
erages. In  the  comparison  of  Types  A  and  B  only  those  schools  have  been 
used  wliieh  possessed  both  A  and  B  rooms.    A  B  room  in  a  school  not  having 


Table  XX 

COMPAKATITC   R.\TES   OF   RESPIRATORY   ILLNESS   WITH    UNCORRECTED   AND   BALANCED  AVERAGES 

(Both  Studies  Combined) 


VENTILATION 

ABSENCE 

RATE 

ILLNESS  IN  ATTENDANCE  RATE 

TYPE 

UNCORRECTED 

BALANCED 

UNCORRECTED 

BAL.INCED 

A 

10.0 

9.6 

57 

48 

B 

9.0 

9.1 

39 

45 

B 

9.4 

9.4 

38 

43 

C 

12.0 

11.1 

94 

73 
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an  A  room  is  omitted.  Similarly,  in  the  comparisons  of  B  and  C  rooms,  B 
rooms  are  omitted  where  there  is  lacking  a  C  room  in  the  same  school. 

Before  correcting  for  mimber  of  rooms  the  absence  rates  for  A  and  P>  were 
10.0  and  H.O.  After  eliminating  the  abnormal  influence  of  the  schools  A\itli 
the  most  rooms,  the  rates  ai'e  9.6  and  9.1.  In  the  first  instance  Type  A  was 
greater  than  B,  largely  because  of  the  greater  nuiuher  of  rooms  at  Schools 
39  and  59,  where  the  rates  are  higher. 

The  effect  of  eliminating  the  school  influence  is  even  more  noticeable  with 
the  rates  for  illness  in  attendance.  Without  correction  the  rate  for  A  was 
57  and  for  B,  39,  an  appreciable  difference.  When  the  influence  of  each 
school  has  been  equalized,  the  rates  are  48  for  A  and  45  for  B.  In  the  former 
instance  A  exceeds  B  only  because  it  possessed  more  rooms  at  P.  S.  59,  where 
the  rates  are  high,  and  not  because  of  any  ventilation  influence. 

The  corrected  absence  rates  for  Types  B  and  C  are  9.4  and  11.1.  a  differ- 
ence of  1.7.  Before  the  correction  had  been  applied  the  rates  were  9.4  and  12.0, 
a  difference  of '2.6.  It  was  the  greater  number  of  rooms  at  P.  S.  59,  where 
the  rates  are  high,  that  raised  the  average  for  Type  C.  "When  this  influence 
is  modified  the  difference  between  the  two  types  is  less. 

A  marked  alteration  is  also  produced  in  the  rates  for  illness-in-attendance. 
Without  the  correction  for  number  of  rooms,  the  figure  for  B  is  38  and  for  C, 
94,  a  difference  of  56.  Eliminating  the  school  influence  the  rates  are  43 
and  73,  a  difference  of  only  30.  School  59  is  largely  to  jilame  for  the  apparent 
wide  difference  in  the  types.  With  an  equal  number  of  rooms  at  each  school 
M'e  obtain  a  truer  conception  of  the  difference  in  ventilation  types. 

Having  arrived  at  comparative  figures  which  are  believed  to  give  a  fairly 
accurate  measure  of  the  ventilation  influence,  we  are  confronted  with  the 
interpretation  of  these  results.  Is  tlie  difference  of  0.5  between  the  absence 
i-ate  in  A  and  B  signiflcant,  or  is  it  a  chance  result  which,  if  the  experiment 
were  repeated,  would  reverse  itself?  We  can  answer  this  question  by  deter- 
mining the  probable  error  of  the  averages.  If  the  differences  are  statisti- 
call.y  signiflcant,  they  will  represent  at  least  tlii-ce  times  the  value  of  the  prob- 
al)le  error.  If  the  differences  are  no  greater  than  the  probable  error,  then 
we  cannot  say  thai  \cnlilali(in  exercises  an  iinniistakalile  effect  on  the  liealth 
of  these  seliool  childicii. 

The  fciiMiinla    I'm'  the  pmliable  error  is 


P.  E.  =  (1.6745 


nI^ 


The  ciiiiipnlat  inn  of  tlir  piDliaMc  error  is  made  by  averaging  the  absence 
rates  in  each  type:  finding  the  dcxiation  of  each  rate  frutn  the  avei-age;  squar- 
ing each  deviatinii:  averaging  these  s(iuares;  determining  the  sipiare  root  from 
this  average;  dixiding  this  liiiiii-c  by  the  sipiarc  riKil  (if  the  inimber  of  cases. 
wliicll  gives  the  standai-il  dcxialinn  .-md  linally  nmltiplyin^  this  liLiure  by  the 
constant,  ().(i74.">,  which  gixcs  the  |ir(iiial)le  eircir.  or  P.  ]•]. 

The  dilTerenee  in  the  ahsenee  rales  between  Tyijcs  A  and  B.  0.5,  is  less 
than  the  i)rolial)le  eri-or,  i>v  ap|irii\iniately  (1.7.  and  in  eiinse(|uenee.  is  wilhout 
significance.     'I'his  nieMOs  tiiat   the  evidence  is  insul'lieient    to  pr(i\e  that   eilher 
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type  of  ventilation  is  superior  to  the  otlier  in  so  far  as  respiratory  illness  is 
concerned. 

Kespiratoi-y  illness  of  a  less  severe  nature  and  sufficient  to  keep  children 
out  of  school  is  likewise,  judging  by  the  fact  that  the  probable  error  exceeds 
the  difference  in  rates,  no  different  in  a  cold,  window  ventilated  room  with  a 
temperature  around  59  degrees  than  in  a  cool,  window  ventilated  room  whose 
temperature  is  in  the  neighborhood  of  64  degrees.  This  finding  is  in  agree- 
ment with  the  original  computations  for  the  entire  group  of  rooms. 

The  differences  between  Types  B  and  C  are  more  marked.  The  higher 
probable  error  for  absence  rates,  that  is  for  Type  C,  is  1.0.     The  difference 
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taui-e  xxr 

Probable  Error  op  Respiraioky  Sickness  Rates 
(Both  Studies  Combined) 


DIFFERENCE  BETWEEN 

PROBABLE 

DIFFERENCE  BETWEEN 

PROBABLE 

VENTILATION  TYPES 

ERROR 

VENTILATION  TYPES 

ERROR 

A  AND  B 

B  AND  C 

Absence 
Bate 

Sickness  in 
Attendance 
Bate 


A±    .69 
B.±    .71 


:  6.9 
:7..3 


Alt    .88 
B  ±  1.00 


A  ±6.1 
B±9.0 


(Note:     Only  schools 


both   studies  are 


between  the  sickness  rates  is  1.7.  While  this  differei"-e  is  not  greater  than 
three  times  the  probable  error,  the  mere  fact  that  it  is  greater  suggests  at 
least  a  tendency  for  Type  C  rooms  to  be  more  conducive  to  respiratory  illness 
than  those  of  Type  B. 

Minor  respiratory  illness  insufficient  to  cause  absence  amounts  to  a  rate 
of  43  in  Type  B  rooms  and  to  73  in  Type  C.  This  is  a  difference  of  30. 
The  greater  probable  error  is  9.0.  The  difference  is  thus  more  than  three 
times  the  probable  error  and  statistically  may  be  regarded  as  signiiieant. 
Interpreted  in  other  words  the  system  of  fan  ventilation  representing  Type 
C  is  more  conducive  to  respiratory  illness  among  school  children  than  the 
window  ventilation  methods  of  Type  B. 

In  Chart  III  are  represented  graphically  the  absence  rates  as  well  as 
other  facts  pertinent  to  the  matter.  The  difference  in  average  temperature 
between  Type  A  and  B  rooms  was  4.8  degrees.  Relative  humidity  was  almost 
identical,  being  46  per  cent  in  the  A  rooms  and  45  in  B.  The  A  rooms  were 
judged  exceptionally  fresh  63  per  cent  of  the  time  as  against  31  per  cent 
for  B.  The  air  possessed  a  noticeable  odor  11  per  cent  of  the  time  in  A  and 
15  per  cent  in  B.  The  degree  of  congestion  was  llie  same  in  Imili  tyjM's, 
namely:   11.5   square   feet   of   floor   space   per   pupil. 

In  the  second  comparison,  llic  Type  B  rooms  averaged  ti7.0  degrees 
leiiijuM'ature  as  against  68.1  for  Die  C  rooms,  a  differeiiee  of  but  1.1  degrees. 
Helative  humidity  was  38  per  cent  in  B  and  40  per  cent  in  ('.  Tlie  B  rooms 
were  judged  exceptionally  fresh  18  per  cent  of  the  time,  the  C  rooms  22  per 
cent.  Odor  was  noticeable  17  per  cent  of  the  sessions  in  B  and  only  14  in  C. 
The  B  rooms  were  appreciably  more  congested,  the  square  feet  of  floor  space 
per  pupil  being  11.1  as  against  14.7  in  the  C  rooms. 

The  following  conclusions  appear  justified  from  tlie  evidence: 

1.  Respiratory  sickness  is  no  greater  in  a  wiiulow  veiitilah'd  schoolroom 
kept  around  59  degrees  than  it  is  in  a  room  where  temi)eralure  is  64. 

2.  Respiratory  sickness  is  greater  in  fan  ventilated  rooms,  such  as  are 
represented  in  this  study,  than  in  window  ventilated  rooms,  even  though  lliere 
is  not  more  than  a  deyree  dilTerenee  in  lemperat lire,  and  llie  fan  riHiiiis  are 
iiHire   siiacious. 

.'1.  it  is  low  teiiiperaliire  ratlier  iliaii  eliemieal  purity  of  tlie  air  which 
conveys   the   seiisaliiiii   of   I'resliness. 

(To   be    concluded) 


LABORATORY  METHODS 


A  COLORIMETRIC  METHOD  FOR  THE  ESTIMATION  OF  MORPHINE 
IN  COLLOIDAL  MIXTURES  AND  TISSUES* 


By  Harry  Gauss,  M.D.,  Denver,  Colo. 


'T'  HE  necessity  for  a  rapid,  accurate  method  of  aualj'sis  for  morphine  fre- 
-■-  quently  arises  in  toxicological,  as  well  as  in  work  in  experimental  ther- 
apy. It  was  during  the  course  of  investigations  on  the  effect  of  morphine  upon 
experimental  tuberculosis  that  a  survey  of  the  literature  revealed  the  neces- 
sity of  further  study  to  develop  such  a  method.  It  was  rather  noteworthy  that 
in  spite  of  the  many  color  reactions  for  morphine  that  are  available,  which 
are  mostly  evanescent  and  unstable,  there  was  found  no  suitable  colorimetric 
method  applicable  to  a  rapid  and  accurate  determination  of  this  alkaloid  in 
tissues. 

By  elimination  from  a  large  number  of  color  reactions  for  morphine,  two 
were  chosen  as  being  the  most  suitable  for  the  purpose  at  hand,  the  one  the 
reaction  with  Marquis'  reagent  (a  mixture  of  one  part  of  pure  40  per  cent 
formaldehyde  in  15  parts  of  concentrated  sulphuric  acid  C.  P.)  giving  a 
purple-red  color  with  moi'phine  which  gradually  but  sloAvly  changes  to  violet 
and  then  to  a  fairly  permanent  blue;  and  the  other  the  reaction  with  Lafon's 
reagent  (a  solution  of  a  selenite  or  selenic  acid  0.5  per  cent  in  concentrated 
sulphuric  acid  C.  P.)  giving  an  evanescent  blue  to  intense  blue  with  this 
alkaloid  and  finally  a  fairly  persistent  olive  green.  The  latter  reagent  has 
recently  been  recommended  by  jMorgulis  and  Levine^  and  has  been  used  not 
as  a  quantitative  colorimetric  method  but  as  an  extinction  point  method 
giving  only  relativel.v  quantitative  results.  The  reagent  was  found  by  them 
to  be  sensitive  to  0.025  milligram  morphine  sulphate  with  a  positive  reac- 
tion, while  they  could  still  recognize  0.0125  milligram  of  the  pure  alkaloid 
salt.  When  mixed  with  tissues  no  less  than  0.5  milligram  of  morphine  sul- 
phate (0.2  mg.  of  the  alkaloid)  coiild  be  detected.  Their  method  of  ex- 
traction was  to  heat  the  tissues  with  2  per  cent  tartaric  acid,  in  proportion 
of  20  grams  of  substance  to  100  c.c.  of  reagent  heating  for  30  miniites  on  the 
water-bath,  cooling  and  straining  through  cheese  cloth,  uniting  the  collected 
washings  after  the  last  is  fr«e  from  acid,  evaporating  to  a  thick  consistency, 
adding  sodium  bicarbonate  until  effervescence  ceases  and  then  adding  a 
slight  excess.  The  alkaloid  thus  being  set  free  is  extracted  from  the  dried 
ground  mass  by  means  of  chloroform  using  50  c.c.  for  the  extraction.  Un- 
fortunately the  margin  of  error  of  their  method  is  entirely  too  great  to  give 
more  than  approximate  results. 
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Heidrcschka  and  FauP  have  used  the  Marquis'  reageut  for  colorimetric 
purposes  and  have  found  it  sensitive  quantitatively  in  concentrations  varying 
fr(un  1  in  500  to  1  in  25,000.  The  colors  are  examined  by  transmitted  light, 
since  in  I'ellccted  light  an  actual  color  change  from  blue  to  bluish  brown 
renders  the  comparison  untrustwortliy.  Their  determinations  were  made 
on  poppies.  They  also  vised  a  colorimetric  method  described  by  Georges  and 
Gascard^  in  which  a  yellow  coloration  is  obtained  by  means  of  iodic  acid 
added  to  solutions  of  morphine  in  dilute  one  tenth  normal  hydrochloric 
acid.  Quantitative  observations  Avith  a  Duboscq  colorimeter  using  this  color 
test  can  only  be  made  at  concentrations  between  1  in  500  and  1  in  5000  with 
this  reagent. 

Colorimetric  methods  are  convenient  on  account  of  the  rapidity  with 
which  analyses  can  be  made,  the  fair  accuracy  attainable  and  the  ease  of 
comparison  with  a  standard  of  a  pure  sample  of  the  substance  being  analyzed 
for.  Jfost  colorimetric  methods  depend  upon  the  formation  of  a  stable  colored 
compound  ])Ut  are  applicable  to  certain  unstable  colors  provided  they  change 
only  .sloAvly. 

During  the  course  of  investigations,  necessity  occurred  for  a  fairly  ac- 
curate rapid  quantitative  method  of  extraction  of  morphine  from  colloidal 
mixtures  (such  as  agar)  and  tissues  and  subsequent  rapid  determination. 
The  usually  described  methods  proved  cumbersome  and  many  were  totally 
inadequate.  It  was  for  these  reasons  that  the  following  detailed  investigations 
Avere  carried  on.  Unfortunately  no  stable  color  is  developed  by  morphine 
as  far  as  could  l)e  found  in  the  literature  but  the  most  suitable  color  Avas 
found  to  occur  Avith  Marquis'  reagent  and  this  color  is  evanescent.  This,  how- 
ever, ))ecessitated  the  use  of  a  standard  of  known  amount  of  morphine  to 
which  llie  reaiicnt  Avas  added  simultaneously  to  a  preparation  of  the  un- 
known. Since,  hoAvever,  the  color  changes  occur  Avith  equal  speed  especially 
with  approximately  equal  amounts  of  morphine,  this  proA'ed  entirely  satis- 
factory. Tt  also  proA-od  to  be  quite  flexible  ns  is  shoAvn  liy  the  folloAving  ex- 
pci-imcnl. 

Tablk  I 

The  Coi.ok  Ke.vction  ok  J[oki'J[ixe  8ri.rH.\TE  wrrii   IIaiiqi'i.s'  Reagent  in  Pkoportiox   to 

THE  Amount  op  Morphine  by  Weight 

MORPHINE     SULPHATE     BY     WEIGHT  COLORIMETER    REABINGS 

Tube  I      Tube  II  Tube  I     Tube  II 

Wo        10:0 

10.0  ."i.O 

10.(1  .'i..'! 

10.0  2..^ 

10.0  2.0 


1  lllg. 

1  mg. 

1  nisi. 

-  iiif,'. 

1   niK. 

:!  my. 

1  111};. 

4  lllg. 

1  nif;. 

5  nifi. 

Solutions  conlaiiiinii-  1,  2,  :!.  4  and  5  niilligrains  ol'  iiiorpliine  sulphate 
Avere  ])laced  in  separate  beakers  and  evaporated  in  dryness  mi  the  water-bath. 
To  each  of  two  beakers  was  added  simultaneously  in  I'liliic  centimeters  l\rar- 
quis'  reagent  and  the  colors  di.ssolved  by  stirring  Avith  a  glass  rod.  An  as- 
sistant is  employed  to  mix  the  color  in  one  of  the  beakers  to  insure  a  siniul- 
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taneous  reaetiou.  It  was  thus  foimd  that  the  depth  of  color  varied  directly 
with  the  proportion  of  morphine  sulphate  as  is  indicated  in  Table  I.  Color 
comparison  is  inversely  proportional  to  the  amount  of  morphine  sulphate  by 
weight. 

The  Marquis'  reagent  used  in  tliese  experiments  was  always  prepared  fresh 
just  before  use  from  C.  P.  reagents — formaldehyde  solution  and  sulphuric 
acid.  The  reagent  must  be  perfectly  colorless.  The  amount  of  Marquis' 
reagent  used  in  each  test  was  10  c.c.  In  control  tests  using  from  1.0 
milligram  to  0.005  milligram  of  morphine  sulphate,  it  was  found  that  0.05 
milligram  could  be  determined  with  reasonable  accuracy  in  the  colorimeter* 
as  is  shown  in  Table  IT. 

Table  II 
The  LniiT  of  Delic.\cy  of  the  Colorimetric  Test  for  Morphi-ve  Sulphate 


morphine 

sulphate   by   weight 

colorimetric  reading 
(with  unit  volume  dilutiox— 

-10 

c.c.) 

Tube  I 

Tube  II 

Tube  I 

Tube  II 

1  mg. 

1  mg. 
0.2  mg. 
0.1  mg. 

0.50  mg. 
0.25  mg. 
0.10  mg. 
0.05  mg. 

10.0 

5.0 

10.0 

10.0 

'  20.0 
20.0 
20.0 
20.0 

Since  the  extinction  i)oint  with  the  ]\Iarquis'  reagent  is  far  below  the 
quantitative  colorimetric  range  as  determined  in  a  colorimeter  a  study  of 
this  phase  seemed  desirable.  For  comparison  the  extinction  point  of  mor- 
phine sulphate  Avith  Lafon's  reagent  (selenium-sulphuric  acid)  was  also  de- 
termined since  at  times  it  is  desirable  in  determining  small  amounts  of  mor- 
phine to  use  two  tests.  The  results  of  the  study  of  the  extinction  point  for 
Marquis'  and  Lafon's  reagents  are  given  in  Table  III. 

The  comparison  of  the  extinction  points  of  morphine  suljihate  with  Mar- 


Table  III 
The  Extinction  Point  op  Morphine  Sulphate  with  Makquis'  and  Lapon's  Eeagexts 


DRPHIXE 

SUL- 

kesults 

AMOIXTS    OF    M 

WITH    MARQUIS'    REAGENT 

WITH    lafon's    reagent 

phate  tested 

BY 

WEIGHT 

(HCOH    tt,SOJ 

(H^A    H=SOJ 

0.025 

mg. 

+  +* 

+  + 

0.010 

+  + 

v-r 

0.009 

-r  + 

n- 

0.008 

+  -(- 

definite  green  blue  color 

0.007 

-  ^  definite   red  color 

+ 

0.006 

- 

0.005 

- 

-L 

0.004 

+  less   marked    red 

color 

+ 

still  a  slight  green  blue   coloi 

0.003 

+  still   visibly   red 

± 

doubtful  reaction 

0.002 

±  doubtful  reaction 

- 

0.001 

- 

- 

*The  marking  — ,  ±,  -f  and  ++  indicate  the  intensity  of  the  color  reaction  obtained 
of  the  reagent — usually  in  the  extinction  method  the  color  appears  only  at  the  site  of  the  mc 
not  diffused  throughout  the  reagent.  These  results  are  the  average  of  three  readings  on  the  s; 
of   morphine   sulphate. 

•Throughout   this   entire   investigation    the  Kober  Colorimeter-Nephelometer   was   used. 


ivith   1    c.c. 
rphine  and 
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quis'  and  Lafon's  reagent  reveal  very  little  difference  in  the  sensitiveness  of 
the  two  reagents  although  the  Marquis'  reagent  is  slightly  more  delicate. 

In  order  to  further  test  the  eolorimetric  method  for  morphine  sulphate 
using  the  color  developed  with  the  Marquis'  reagent  some  commercial  one- 
eighth  grain  hypodermic  tablets  of  )n(iri)hiiii'  sul|)lia1e  obtained  fnun  two  dif- 
ferent firms  were  analyzed  as  follows:  A  tablet  was  pulverized  in  a  beaker, 
to  it  was  added  50  cubic  centimeters  of  fresh  Marquis'  reagent,  the  mixture 
being  well  stirred  to  obtain  a  uniform  color.  This  solution  was  then  com- 
pared to  a  standard  made  by  dissolving  one  milligram  of  chemically  pure 
morphine  sulphate  in  10  cubic  centimeters  of  Marquis'  reagent.  The  depths 
of  color  were  compared  in  the  Kober  colorimeter,  with  the  final  computed 
contents  of  the  tablets  (3  of  each  make)  as  given  in  Table  IV. 

Table  IV 

The  ('oloiumeTric  Axalysis  op  Oxe-Eightii  GrjVin  Hypodermic  Tablets  of  Morphine 

Sulphate  by  the  Use  of  Marquis'  Keagent 


TESTS 

TABLETS    PREPARED 
IXDIANAPOLIS 

BY   FIRM    IN 

BALTIMORE 

1 

2 
3 

7.77  milligrams* 
7.46  milligrams 
7.62  milligrams 

7.56  milligrams 
7.46  milligrams 
7.93  milligrams 

•The 

se  tablets 

sh( 

juld 

theo 

retically  contain  S.l  milli 

i grams  o 

f  morphine  suli-hate. 

Thus  far  our  analyses  have  been  for  the  pure  alkaloid  (combined  with  in- 
organic radicals  or  mixed  with  other  inorganic  salts)  not  mixed  with  organic 
colloidal  matter  or  tissues.  When  present  in  the  latter,  recourse  must  first 
be  had  to  methods  of  extraction.  Since  the  extraction  from  agar-agar  was 
of  interest  to  us  in  certain  chemotherapy  studies,  extraction  from  this  col- 
loid was  first  studied.  It  also  seemed  that  with  slight  modification  a  method 
applicable  to  agar  could  easily  be  used  for  tissues.  IMost  methods  of  ex- 
traction of  morphine  from  organic  material  contemplate  first  forming  the 
alkaloidal  salt,  obtaining  it  in  aqueous  solution  and  finally  extracting  the 
pure  alkaloid  by  means  of  an  alkaloid  solvent  .such  as  chloroform,  after  the 
salt  has  been  decomposed  by  the  addition  (if  an  ap])r(iiiriatc   alkali. 

As  a  result  of  some  preliminary  tests  it  appeared  that  the  crucial  point 
in  the  quantitative  recovery  is  the  extraction  with  chloroform  and  for 
this  reason  several  modifications   of  chloroform   extraction   were   tested. 

Four  ten  cubic  centimeter  portions  of  a  solulimi.  cadi  containing  .'j 
milligrams  of  morpliiiie  siilpliale.  were  used.  Two  of  tlicsc  wi>rc  alkalinized 
with  ammonium  hydroxide  and  two  wilh  si)di\iiii  birai-bonatc.  one  of  eacli  of 
these  two  .sets  was  extra<-lc'(l  with  i-obl  chlorofoi-in  and  the  other  witli  hot 
chloroform — each  extraction  licing  inaiir  with  10  cul)!!-  r-rntiinetcrs  of  clilorn- 
form.  The  chloroform  extracts  were  all  srpin-nti'cl  in  a  scparatory  funnel 
and  racli  extraction  analyzed  for  its  moriiliinc  sulphate  content.  Th(>  re- 
sults of  the  individual  extractions  and  number  necessary  to  conijilotcly  ex- 
trarl    tlic  .")  niilligrains  of  mori)liine  sulpliati'  are  given  in  Talilc  \'. 
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Table  "V 

An  Analysis  of  the  Chloroform  Extractions  Necessary  to  Recover  5  Milligrams  of 

Morphine  Sulphate  prom  Aqueous  Solution  under  Certain  Conditions 


alkalized  with 
ammonium  hydkoxide 
number  of     extri^cted  with  extracted  with 

extraction      cold  CH  CI, 


sodium  bicarbonate 

extracted  with  extracted  with 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


0.115 

0.356 

0.143 

0.133 

0.433 

0.414 

0.227 

0.080 

0.123 

0.100 

0.066 

0.100 

0.107 

0.147 

0.147 

0.075 

0.09S 

0.113 

0.098 

0.110 

0.133 

0.215 

0.215 

0.215 

0.187 

0.107 

0.115 

0.147 

0.125 

0.125 

0.125 

0.090 

Trace 

Trace 

0 

4.984 


3T  CH   CI3 

COLD  CH  CL, 

hot  CH  CL, 

0.220 

1.666 

2.500 

0.243 

1.052 

1.818 

0.266 

0.833 

0.294 

0.266 

0.500 

0.147 

0.215 

0.454 

0.098 

0.233 

0..333 

0.098 

0.225 

0.100 

Trace 

0.266 

Trace 

Trace 

0.416 

Trace 

0 

0.209 

0 

4.955 

0.225 

4.938 

0.200 

0.234 

0.294 

0.225 

0.171 

0.215 

0.215 

0.107 

0.178 

0.125 

0.125 

0.075 

Trace 

Trace 

0 

Thi.s  experiment  indicates  that  of  the  methods  tested  the  extraction  with 
liot  chloroform  after  alkalinizing  with  sodium  bicarbonate  is  the  most  efficient, 
requiring  only  eight  extractions  of  10  e.c.  each.  As  a  result  of  all  these  pre- 
liminary tests  the  final  method  used  for  the  analysis  for  morphine  sulphate 
in  nutrient  agar  was  as  foilnvs: 

The  nutrient  agar  is  broken  up  as  mcU  as  possible  into  small  pieces  and 
is   mixed   with   2   per   cent   tartaric    acid   solution   in   proportion   of   5    times 
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as  iiiueli  reagi'iit  as  agar.  The  entire  is  well  mixed  and  allowed  to  stand 
overnight  after  which  the  soluhle  tartrate  is  filtered  off,  the  agar  residue 
being  washed  about  three  or  four  times  with  distilled  water.  The  combined 
filtrate  and  washings  are  evaporated  over  a  water-bath  down  to  10  to  15  c.c. 
to  which  is  added  dry  sodium  bicarbonate  .slightl.y  in  excess  of  the  point  where 
effervescence  ceases.  To  this  is  added  10  c.c.  of  pure  chloroform,  the  mixture 
shaken  and  heated  for  5  minutes  over  an  electric  hot  plate.  For  this  pur- 
pose a  simple  modified  Wiley  condenser  is  used  to  prevent  evaiHiration  and 
loss  of  the  chloroform.  After  cooling,  the  chloroform  layer  is  removed  in 
a  separatory  funnel  and  the  aqueous  part  is  extracted  for  7  or  8  times  more. 
The  total  chloroform  extracts  are  combined,  diluted  to  a  definite  volume, 
and  fractions  thereof  used  for  colorimetric  comparison  after  evaporating 
off  the  chloroform  and  adding  Marquis'  reagent  to  the  residue.  A  point  in 
teehnic  that  has  been  important  in  obtaining  satisfactory  results  is  that  no 
trace  of  acid  be  present  in  the  glassware  into  which  the  chloroform  extracts 
are  placed.  In  order  to  avoid  this  error  all  the  glass  ^ltensils  were  rinsed 
just  before  use  with  a  small  amount    of  weak  ammonia  water. 

Culon'mrtrir  Anah/sis  aiid  Determinaiions 

The  colorimetric  analysis  and  determinations  were  made  as  follows: 
1.  The  standard  of  morphine  sulphate  is  prepared  from  au  aqueous  solu- 
tion containing  1  milligram  per  one  cubic  centimeter.  This  is  placed  in  a 
small  beaker  and  evaporated  to  dryness  on  the  water-bath.  A  portion  of  the 
unknown  in  chloroform  is  placed  in  another  beaker  and  lilu'wiso  evaporated 
to  dryness.  When  both  residues,  the  known  and  unknown  have  cooled  to 
room  temperature,  10  cubic  centimeters  of  a  freshly  prepared  Marquis'  re- 
agent are  added  to  each  simultaneously  and  stirred  until  the  color  is  uni- 
formly diffused  throughout  the  fluid.  An  assistant  is  employed  to  stir  one 
of  the  beakers.  If  the  color  of  the  unknown  is  considerably  deeper  than  the 
known,  definite  amounts  of  Marquis'  reagent  can  be  added  until  the  colors 
more  nearly  match,  or  vice  versa.  The  colors  are  compared  in  the  colorimeter 
(in  this  woi-k  the  Kober  colorimeter  proved  entirely  satisfaetoi-y)  and  the 
results  are  calculalnl   with   tlir  fdllowinii-  formula. 

K  V 

—  X  f5  X  N  X — =  ^'«-  "Iknl'iiil  ill  luikiiiiwii  :is  iii(ii]iliinc  siil)iluito. 

X  V 

K  =  tlip  rc-ulin^;  of  \W  st:iiiil:iiil  liilir,  tliis  iniiy  ruiivcniciitly  In-  plric-fd  ;it   10.0: 

X  =  tlir  reailiiig  (if   tlio   tiilic  ciiiit;uiun)i  tlio  iiiiluuiuii ; 

S  =  tlic  strength  of  the  standard  solution.  If  1  nig.  of  niorpliinc  sii1|ih:itr  h;is  Wvn  dis- 
solved in  10  CO.  Marquis'  roagont,  then  the  standard  solution  is  U.l  nig.  alk.-iloidai  salt  jicr 
c.c.  of  solution ; 

N  ^  tlic   number   of  c.c.  of  ir;u(|uis"   reagrnt   used   to   dissolve   the   unknown; 

Vzi:thc  total  chloroform  extract  ami, 

P  =  the  portion  of  the  total  chloroform  extract  used  in  the  test. 

Example. — The  total  coniliincd  ciilorofiirni  extract  is  ItX)  e.e.,  of  tliis  1')  e;C. 
is  evaporated  to  dryness  and  the  I'csidiic  dissolvi'd  in  "JO  ce.  .Marquis"  i-ea^'eiit. 
The  standard  soiiiliini  contains  1  iiii;'.  nf  the  alkaloid  salt  in  111  c.c-.  iva'^cnl.     The 
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standard  tube  is  set  at  10  and  the  unknown  reads  12.5.    ^\'e  have  then  V  =  100 ; 
P  =  15;  N  =  20;  S  =  10;  K  =  10 :  X  ==  12.5  or 

10.0        1        20        100 

X  —  X  —  X =  10.66t)  mg.  morphine  sulphate  in  the  unknown. 

12.5       10        1  15 

By  this  method  a  series  of  nutrient  agar  tubes  containing  known  amounts 
of  morphine  sulphate  which  was  added  to  the  agar  have  been  analyzed  with 
the  results  given  in  Table  YI. 

Table  Yl 

AXALYSIS    AND    COLORIMETRIC    ESTIMATION   WITH    llAKQnS '   KeAGEXT   OF    MOWHIXE    SULPHATE 

IN  Nutrient  Ag.\r  op  Known  Alkaloh)  Content 

AMOUNT   OP   MORPHINE    SUL-         AMOUNT    OF   MORPHINE    Sl'LPHATE   IN    MILLIGRAMS   RECOVERED 
PHATE    IN    MILLIGRAMS    ADDED  BY    ANALYSIS 


TO    20    GRAMS    NUTRIENT  AG.VR    MIXTURE  AGAR    MIXTURE 

AGAR    MEDIUM  No.    I.  No.     II. 

32.0  27.2  31.5 

16.0  ■             1.5.5  15.3 

8.0  7.6  7.S 

4.0  3.5  3.7 

2.0  1.97  1.92 

1.0  0.94  0.96 

0.50  0.42  0.44 

0.10*  0.08  0.08 

*A  small  amount  of  organic  matter  present  in  the  final  e-xtract  giving  a  brownish  color  will 
precludes  the  accurate  determination  of  amounts  below  this. 


The  above  described  method  of  analysis  for  morphine  sulphate  in  an 
organic  colloidal  mixture  (nutrient  agar  medium)  yields  quantitative  re- 
sults down  to  amounts  as  small  as  0.1  milligram  in  20  grams  of  agar,  below 
this  amount  the  recovery  is  less  perfect. 

In  order  to  test  the  accui-acy  of  this  method  for  the  quantitative  de- 
termination of  morphine  in  tissues,  beef  muscle  and  pig  liver  to  which  had 
been  added  5  milligrams  of  morphine  sulphate  were  analyzed  by  the  above 
described  method  which  was  slightly  modified  in  that  the  tissues  were  mixed 
with  10  volumes  of  3  per  cent  trichloracetic  acid  and  boiled  for  10  minutes 
instead   of   mixing  them   with   2   per   cent   tartaric    acid.      Trichloracetic    acid 

Table  YII 

The  Quantitatre  Analysis  of  Tissues  for  Morphine  by  the  Colorimetric  Method  with 

Maequis'  Eeagent 

recovery  of  morphine  sulphate  from   5  grams  op  presu 
tissues  to  which  was  added  5  milligrams  op 
the  alkaloid  salt 
sample  analyzed  beef  muscle  pig  liver 


No.  1 

4.76  milligrams 

4.58  milligrams 

No.  2 

4.77  milligrams 

4.76  milligrams 

No.  3 

4.67  milligrams 

4.SS  milligrams 
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was  chosen  because  it  M-as  found  in  preliminary  experiments  to  be  just  as 
satisfactory  as  2  per  cent  tartaric  acid  in  so  far  as  the  extraction  of  morphine 
was  concerned,  and  as  was  originally  found  by  Greenwald*  it  was  a  far 
more  perfect  tissue  coagulant  or  protein  precipitant.  The  results  of  these 
tissue  analyses  are  given  in  Table  VII. 

An  examination  of  Table  VII  reveals  that  morphine  sulphate  added  to 
fresh  tissues  (beef  muscle  and  pig  liver)  in  5  milligram  amounts  and  im- 
mediately analyzed  can  be  recovered  practically  quantitatively  by  the  colori- 
metric  method  using  INIarquis'  reagent  as  described  above. 


A  quantitative  colorimetric  method  for  the  estimation  of  morphine  sul- 
phate in  tissues  and  organic  colloidal  mixtures  is  described. 

There  is  a  preliminary  precipitation  of  the  proteins  by  means  of  ten 
volumes  of  3  per  cent  trichloracetic  acid  and  subsequent  extraction  with  hot 
chloroform. 

The  color  utilized  in  this  reaction  is  the  purple  red  reaction  with  Mar- 
quis' reagent  which  is  evanescent.  The  standard  color  is  prepared  by  adding 
a  known  amount  of  the  alkaloidal  salt  to  a  known  volume  of  Marquis'  re- 
agent, similarly  and  simultaneously  with  the  preparation  of  the  unknown. 

By  means  of  this  method  we  have  been  able  to  extract  quantitatively  mor- 
phine sulphate  from  tissues  and  colloidal  solutions  in  amounts  from  0.10  to 
50.0  milligrams  and  to  determine  it  colorinietrically  in  amounts  as  low  as 
0.00.3  milligrams. 
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THE  HF.rilT-GRADWOHL  TEST  EMPLOYING   ICE  CHEST  FIXATION. 
A  I^RELIAIINAKY   REPORT 

By  H.  D.  :\Ic1.\tvre,  :\I.1).,  E.  a.  Worth,  M.D.,  and  A.  P.  McIntyre.  A.B., 
Cincinnati,  Ohio 


WHEN  the  ice  chest  inctlioil  of  ciiiniili'inciil  lixatimi  began  to  be  in  vogue 
it  occurred  to  us  that  this  nictliod  might  yield  good  results  in  the  llecht- 
Gradwohl  test.  We  had  seen  lli.it  the  Wassermanu  reaction  employing  com- 
plement fixation  in  llie  ice  chest  at  2  C.  yielded  a  considerable  number  of  pos- 
itives over  the  water-bath  Ileclit-Gradwohl  test  even  though  acetone-insoluble 
antigen  were  u.sed.'  We  llicii  decidrd  on  ;i  comparison  ol'  the  relative  merits 
of  the  Wasserniann  and  I  lrclit-(  Ir.idw ulii  test  with  the  coniplement  fixation 
taking  place  in  tlie  ice  clicsi  in  hdlh. 

Tlie  following  teclinic  was  \\()rkcd  (Hil : 
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TECHNIC  OF  THE     HECHT-GRADWOHL  TEST  WITH  COMPLEMENT  FIXATION'  IN  THE  ICE 

CHEST  AT  2°  C. 

Eighteen  tubes  are  used  in  each  test.  Ten  tubes  are  placed  in  the  first 
row.  These  tubes  are  used  to  determine  the  hemolytic  index  as  outlined  by 
Gradwohl.-  Four  tubes  are  used  in  the  second  row,  three  containing  plain 
antigen  and  the  remaining  tube  being  the  control.  Four  tubes  are  used  in  the 
third  row,  three  containing  graded  amounts  of  cholesterolized  antigen  and  the 
other  tube  being  the  control. 

Each  of  the  eighteen  tubes  receives  .1  c.c.  of  the  patient's  sei'um,  not  over 
twenty-four  hours  old.  The  best  results  are  obtained  with  fresh  serum.  The 
first  tube  of  the  first  row  receives  .9  c.c.  of  .9  per  cent  salt  solution,  the  second 
tube  .8  c.c,  the  third  tube  .7  c.c.  and  so  on,  the  last  tube  in  that  row  receiving 
no  salt  solution. 

The  second  row  receives  plain  antigen  as  follows ;  the  first  tube  two  units 
of  antigen,  the  second  tube  one  and  one-half  units,  the  third  tube  one  unit,  the 
fourth  tube  receives  no  antigen  as  it  is  the  control.  All  tubes  are  brought  to 
a  volume  of  one  c.c.  with  salt  solution. 

The  third  row  receives  cholesterolized  antigen  as  follows;  two  units  in 
the  first  tube,  one  and  one-half  units  in  the  second  tube,  and  one  unit  in  the 
third  tube.  The  fourth  tube  receives  no  antigen  as  it  is  the  control.  All  tubes 
are  then  brought  to  a  volume  of  one  cubic  centimeter  with  salt  solution. 

All  tubes  are  now  placed  in  the  ice  chest  for  a  period  of  ten  hours  at  2°  C. 
This  allows  the  complement  to  be  fixed  in  the  antigen  containing  tubes  in  case 
the  serum  is  a  positive  one.  At  the  end  of  the  ten  hour  period  the  ten  tubes 
of  the  first  row  are  removed  from  the  ice  chest  and  the  hemolytic  index  of  the 
serum  is  determined  in  the  manner  outlined  by  Gradwohl,  that  is,  .1  c.c.  of  a 
5  per  cent  suspension  of  washed  sheep  cells  is  added  to  the  first  tube,  .2  c.c.  to 
the  second  tube,  .3  c.c.  to  the  third  tube  and  so  on,  the  tenth  tube  receiving 
1  c.c.  of  the  suspension  of  cells.  These  tubes  are  then  placed  in  the  water-bath 
for  thirty  minutes  at  37.5°  C.  The  highe.st  tube  in  the  series  showing  complete 
hemolysis  is  taken  as  the  index.  Following  the  determination  of  the  index 
the  antigen  containing  tubes  are  removed  from  the  ice  chest  and  one-half  of 
the  amount  of  cells  represented  by  the  index  is  added  to  each  tube  in  the  sec- 
ond and  third  rows.  The  tubes  are  then  placed  in  the  water-bath  for  one-half 
hour  at  37.5°  C.  If  all  tubes  clear,  the  test  is  negative.  If  no  hemolysis  occurs 
in  the  antigen  containing  tubes,  the  control  being  clear,  the  test  is  positive. 

One  hundred  sera  were  subjected  to  the  foregoing  technie  together  with  the 
classical  "Wassermann  with  complement  fixation  in  the  water-bath  and  ice 
chest  and  the  classical  Hecht-Gradwohl  with  complement  fixation  in  the  water- 
bath.  Fifty  of  these  sera  were  from  luetic  patients,  fifty  were  from  uonluetic 
patients.  The  sera  from  the  nonluetic  patients  reacted  negatively  to  all  tests. 
The  comparative  percentages  of  the  positive  reactions  yielded  by  the  different 
methods  employed  in  the  examination  of  the  fifty  luetic  sera  are  given  in 
Table  I. 

It  will  be  seen  that  the  Hecht-Gradwohl  test  employing  complement  fixa- 
tion in  the  ice  chest  yields  a  higher  percentage  of  positive  reactions  than  do 
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Table  I 

PERCENTAGE  OF  POSITIVE 

1.  Tlu'  'Wassp.riiiann  test  employing  complement  fixation  in  the  water-bath  for  thirty 
minutes  at  37.5°  C.  using  plain  antigen  23.07 

1'.  The  'Wasserniann  as  in  (1)  except  that  cholesterolized  antigen  is  used u4.L'0 

2.  The  IleehtGradwdhl  test  with  complement  fixation  in  the  water-bath  at  ^~.'>°  C.  for 
thirty  minutes  using  plain  antigen 34.20 

2'.  The  Heeht-Gradwohl  test  as  in  (2)  except  that  eholesterolized  antigen  is  used 53.08 

3.  The  Wassermann  test  employing  complement  fixation  in  the  ice  chest  at  2°  C.  for  ten 
hours  using  plain  antigen  73.00 

3'.  The  Wassermann  test  as  in  (3)  except  that  eholesterolized  antigen  is  used 77.00 

4.  The  Heeht-Gradwohl  test  employing  complement  fixation  in  the  ice  chest  for  a  i>eriod 

of  ten  hours  at  2°  C.  using  plain  antigen    80.70 

4'.  The  Heeht-Gradwohl  test  as  in  (4)  except  that  eholesterolized  antigen  is  used 86.90 

anj-  of  the  other  methods  above  tabulated.     There  are  several  reasons  why 
this  is  so. 

Complement  in  human  serum  is  sometimes  an  unstable  thermolabile  sub- 
stance which  will  deteriorate  even  if  subjected  to  a  temperature  of  37.5°  C. 
for  a  period  of  one-half  hour.  In  the  Heeht-Gradwohl  test  this  is  what  hap- 
pens if  the  complement  fixation  takes  place  in  the  water-bat li.  ^Ve  have 
encountered  ten  sera  in  which  such  deterioration  of  complement  luis  occurred. 
This  was  determined  b.y  placing:  a  serum  in  the  water-bath  for  one-half  hour 
titrating  a  portion  of  it  at  the  same  time  and  titrating  a  second  portion  which 
had  been  subjected  to  the  water-bath  temperature.  Ten  sera  yielded  a  lower 
index  on  the  second  titration  than  on  the  first.  This  source  of  error  is  obviated 
if  complement  fixation  is  carried  out  in  the  ice  chest  as  the  antigen  containing 
tubes  are  then  subjected  to  the  water-bath  temperature  for  only  one-half  hour. 

Fiu'therniore,  this  test  has  all  of  the  added  advantages  pointed  out  by 
Gradwohl  in  addition  to  the  one  just  alluded  to,  as  well  as  the  advantage  of  ice 
chest  methods  of  complement  fixation  which  we  have  emphasized  in  an  earlier 
paper.^  Theoretically  the  Heeht-Gradwohl  test  Avitb  ice  chest  complement 
fixation  .should  be  the  test  par  excellence  for  the  detect  ion  of  antiluetic  ambo- 
ceptor in  human  serum.  Practically,  however,  in  a  large  series  of  cases,  the 
ice  chest  Wassermann  and  the  ice  chest  Heeht-Gradwohl  tests  would  agree  in 
nearly  all  instances. 

A  glance  at  our  table  will  sIkiw  that  our  percciitaue  of  ])osili\e  reactions 
in  the  series  of  the  fifty  luetic  ])atieiits  is  comparatively  low.  The  reason  is 
as  follows:  the  fifty  patients  selected  for  the  experiment  re])rescnted  cases  of 
latent  lues  and  lues  under  Ireatmeni  whei'e  we  had  veas(ni  to  kiuiw  from 
previous  serologic  examination  that  tlirir  serums  eoiitained  only  small 
amounts  of  the  antiluetic  reacting  subslanee.  Such  a  series  serves  well  to  show 
the  comparative  value  of  serologic  reactions,  whereas  if  secondary  untreated 
cases  had  been  used,  all  the  various  nuMliods  would  lia\i'  yielded  jmsitive 
reactions. 

ni:i''i-.KKNci:.s 

iMcIntyre,  North,  ami  M.lntvr.':     .Tour.  Lab.  and  Clin.  Med.,  Feb.,  102]. 
=Oradwohl,  R.  ]!.  ]I.:     .lour.  Am.  Med.  Assn.,  IHM.  ]>.  240. 
'Mclntyre,  Xortli,  and  Mclntyre:     Loe.  eit. 


THE  PRECIPITIN  REACTION  USED  AS  EVIDENCE  FOR  THE  IDENTI- 
FICATION OF  HUMAN  BLOOD  IN  AN  AMERICAN  COURT 


By  John-  B.  Ekeley,  Ph.D.,  Sc.D.,  Boulder,  Colorado 


THE  writer  is  not  aware  of  auy  recorded  case  in  which  the  results  of  the 
application  of  the  precipitin  reaction  have  been  used  in  an  American  court 
of  justice  as  evidence  for  the  identification  of  human  blood.  Many  cases 
are  recorded  of  its  use  in  Europe,  especially  in  Germany.  It  therefore  seems 
proper  that  the  following  case  in  the  recent  experience  of  the  writer  should 
be  available  for  reference. 

In  September,  1914,  J.  T.,  a  rancher  living  near  Raton,  New  Mexico, 
was  charged*  with  murdering  his  wife.  The  evidence  against  him  was  all 
circum.stantial,  a  part  of  which  was  a  "jumper"  and  overalls  which  he  had 
worn  on  the  day  of  the  crime,  and  from  which  it  was  charged  attempts 
had  been  made  to  remove  blood  spots  by  cleaning,  and  a  carefully  cleaned 
iron  poker  which  the  State  charged  had  been  used  in  committing  the  crime. 

The  writer  was  asked  to  determine  whether  or  not  the  spots  on  the 
clothing  were  due  to  the  presence  of  human  blood,  and  also  to  examine  the 
poker  for  any  traces  thereof. 

Examination  of  the  clothing  showed  thirty-four  suspected  spots,  among 
which  were  several  minute  dark  red,  shiny  globules  adhering  to  roughened 
portions  of  the  lower  part  of  the  leg  of  the  overalls.  The  spots  were  care- 
fully cut  from  the  fabric,  the  excess  of  cloth  cut  away,  and  carefully  shredded 
to  pieces  by  means  of  a  needle.  The  poker  was  made  of  a  piece  of  iron  rod 
one  end  of  which  had  been  bent  and  twisted  around  part  of  the  remainder  so 
as  to  form  the  handle.  It  had  the  appearance  of  having  been  carefully 
cleaned.  Examination  with  a  magnifying  glass,  however,  showed  in  one  of 
the  depressions  between  the  twisted  metal  a  small  amount  of  dark  red,  shiny 
material  which  had  the  appearance  of  dried  blood.  This  was  picked  out 
carefully  with  a  needle.    It  weighed  .019  grams. 

Examination  of  the  Spots. — The  finely  shredded  cloth  containing  the 
spots  from  the  clothing  was  placed  in  a  sterilized  test  tube  together  with  2 
c.c.  physiologic  salt  solution  containing  a  trace  of  phenol.  After  remaining 
in  an  incubator  at  body  temperature  for  48  hours,  the  liquid  was  filtered  off 
through  a  hard  filter  by  suction,  giving  a  water  clear  filtrate  of  neutral  re- 
action. This  was  divided  into  two  equal  portions.  To  one  portion  was  added 
1  c.c.  of  rabbit's  serumt  immunized  to  human  blood  and  sensitive  to  dilu- 
tions of  1:3000.  The  reaction  was  characteristic,  the  cloudiness  forming 
within  a  few  moments,  with  the  subsequent  coagulation  and  settling  to  the 
bottom  of  the  tube.  The  immunized  serum  gave  no  precipitate  with  the 
physiologic  salt  solutiDu  alone,  with  diluted  rabbit's  blood,  with  guinea  pig's 


•The  case  was  bitterly  fought,  dragging  through  six  years,  coming  to  trial  twice,  the  first 
trial  resulting  in  conviction,  the  second,  granted  by  the  Supreme  Court  after  appeal,  resulting  in 
acquittal. 

tXhe  immune  serum  used  was  obtained  by  Dr.  R.  C.  Whitman  of  the  University  of  Colorado 
Medical  School  from  Prof.  Ludwig  Hektoen  of  Chicago. 
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l)lood,  or  with  do^^'s  blood.  To  the  other  portion  of  the  filtrate  was  added 
serum  from  a  rabbit  which  had  not  been  immtinized  ag:ainst  human  blood. 
Xo  precipitate  appeared. 

The  conclusion  was  that  the  spots  contained  human  blood  and  testimony 
was  so  given.  Counsel  for  the  defense  took  care  on  cross  examination  to 
liring  out  the  fact  that  the  precipitate  might  have  been  caused  by  the  presence 
in  the  spots  of  dried  body  secretions  other  than  blood,  naming  specifically 
serum  from  the  nose,  and  seminal  fluid.  The  fact  that  the  blood  of  an  an- 
thropoid ape  would  also  give  the  reaction  was  also  brought  out,  but  on  the 
whole  the  defense  did  not  attempt  to  throw  any  doubt  upon  the  reliability  of 
the  precipitin  reaction. 

Examination  of  the  Material  from  the  Poker. — The  material  scraped  from 
the  poker  was  similarly  extracted  with  1  c.c.  physiologic  salt  solution  at  body 
temperature  and  filtered  to  a  water  clear  filtrate.  This  was  also  neutral  in  re- 
action. Addition  of  .1  c.c.  of  the  immunized  serum  gave  a  characteristic  pre- 
cipitate as  before,  the  conclusion  being  that  the  material  from  the  poker  con- 
tained human  blood  and  testimonv  was  so  given. 


MERCURY  MANOMETER  FLOAT  THAT  WILL  RIDE  ON  THE  SURFACE 
OF  THE  MERCURY  THE  SAME  AT  ALL  TIMES* 


By  M.  a.  Blaxkexhorx,  M.D.,  axd  E.  J.  "Warxick,  Cleveland,  Ohio. 


t: 


good  features : 

1.  The  conical  slia])(',  wliich  on  each  "upward  stroke  will  rid  itself  of  the 
mercury  which  happens  to  get  above  the  float. 


2.  The  flat  base,  which  rides  on  the  surface  of  the  mercury. 

3.  The   projection  on   the  bottom,   with   a   very   small   neck,   which   makes 
the  mercurv  form  a  collar  around  it.  Ilicicli\-  holding  the  float. 
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EDITORIALS 


Notes  on  the  Vitamins 

PLi:\OIER'  observed  four  young  pigs  presenting  tlie  following  symptoms: 
(1)  Arrest  of  growth.  (2)  Evidence  of  pain  leading  to  frenzy  when 
touched.  (3)  Marked  lassitude  and  absence  of  appetite.  (4)  Spasmodic 
twitching  of  limb  muscles.  (5)  Swollen  joints.  (6)  Failure  to  coordinate 
movements  and  dragging  of  the  limbs  in  some  cases. 

On  inquiry  it  was  ascertained  that  these  animals  were  being  fed  on  a 
mash  composed  of  turnips,  meal  and  grits,  all  thoroughly  cooked.  Cooking 
of  the  food  was  discontinued  and  the  same  mash,  with  the  addition  of  a  larger 
proportion  of  turnip  fed  in  the  raw  state.  The  turnips  were  fed  directly  after 
lieing  plucked  from  the  fields.  Occasionally  some  skimmed  milk  or  butter- 
milk was  added  to  this  food.  After  a  few  meals  of  raw  food  the  appetite 
showed  improvement  and  after  fourteen  days  the  pig  least  affected  seemed 
quite  normal.  The  others  recovered  slowly,  but  Avithiu  from  six  to  eight 
weeks,  all  were  accumulating  fat  and  growing  normally.  Plimmer  states  that 
this  disease  is  fairly  common  among  pigs  in  England,  that  it  is  frequently 
referred  to  as  "rheumatism,"  sometimes  as  "rickets"  or  "pig  gout,"  and 
that  it  has  been  found  that  raw  potatoes  generally  cure  it.    In  due  time  these 
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animals  wciv"  sold  ;it  current  ]ii-if('s  inid  \v('r<'  slau<>lit('ri'il.  The  bones  of  one 
came  under  I'liniincr's  ohservation  and  lie  found  that,  -wliile  tlie  rihs  on  one 
side  appeared  normal,  on  the  other,  one  showed  a  healed  fracture  and  five 
showed  licnioi'rhafje;  two  of  these  were  curved.  The  leg  bones  on  one  side 
were  normal,  while  those  on  the  other  showed  thickenino-  of  the  radius  and 
ulnar  and  fusion  and  thickening  of  1hc  liliia  and  fibula. 

Hart,  SteenI)ock  and  Ellis-  have  i)ublislied  an  investigation  of  the  anti- 
scorbutic potency  of  milk  powders.  There  are  tliree  processes  commercially 
operative  in  the  preparation  of  milk  powder:  (a)  The  spray  process  as  em- 
ployed by  ^Mcri'ell  and  Soule ;  (b)  the  spray  process  in  which  the  powder  is 
removed  and  cooled  a  few  seconds  after  being  dried,  employed  by  the  Cali- 
fornia Central  Creameries;  (c)  the  drying  of  milk  on  heated  rolls,  known  as 
the  Just  process.  In  testing  the  antiscorbutic  potency  of  these  milk  powders, 
several  things  must  be  taken  into  consideration.  In  the  first  place,  if  the 
milk  be  poor  on  account  of  inadequate  and  improper  food  supplied  to  the  cow- 
it  is  evident  that  'converting  it  into  a  powder  will  not  increase  its  vitamine 
contem.  In  the  second  place,  under  natural  conditions  the  vitamine  content 
of  suiumer  milk,  especially  when  the  cows  feed  upon  green  pastures,  is  greater 
than  that  of  winter  milk.  It  is  reasonable,  therefore,  to  conckide  that  any 
results  olitained  in  experiments  of  this  kind  cannot  be  considered  as  having 
standard  value.  The  authors  summarize  as  follows:  "(1)  Milk  powders  vary 
in  their  antiscorbutic  properties.  Aside  from  the  factor  of  the  initial  quantity 
of  this  vitamine  in  llie  milk  as  influenced  by  feeding,  the  powders  vary  in  their 
poteiu-y  with  tiie  jirocess  used  in  their  manufacture,  the  spray  process  of 
manufacture  being  more  destructive  of  the  antiscorbutic  vitamine  than  the 
Just  process.  (2)  These  results  should  in  no  way  condemn  the  milk  powders 
made  by  spray  processes.  They  only  point  out  their  limitations  when  used 
as  the  sole  source  of  nutrients  in  infant  feeding.  (3)  Probably  with  all  milk 
powders,  irrespective  of  method  of  manufacture,  the  safest  procedure  in  a 
restricted  dietary,  particularly  in  infant  feeding,  is  to  supplement  them  with 
some  potent  soui'ei'  of  thi'  ant  isrovlmtic  vitamine.  A  possible  exception  to 
this  statement  wimM  iiin'ly  to  lhi'  powders  made  by  tlie  Just  process  from 
summer-produced  milks  or  evi'U  fi-om  wiiitci-proclui-ed  milks  where  the  cow's 
ration  is  made  rieii  in  antisc((rl)Ut  ic  \itaniiiie  liy  tlie  proper  selection  of  roots 
and  tubers." 

We  are  inclined  to  be  a  little  nioi'e  cautious  tlian  the  statements  made 
under  (3)  as  above  (|uotecl.  When  the  child  is  fed  >i|)on  milk  powder,  what- 
ever the  process  em])loyt'il  in  its  manufacture  or  the  season  of  the  year  when 
it  is  produced,  the  presence  of  sufficient  of  the  antiscoi-butic  vitamine  should 
be  made  certain  by  the  adniinisti-ation  of  orange  .inice. 

Tlie  same  a\itliors  report  their  observations  on  tiie  stal)ility  of  the  anti- 
scorbutic vitamine  ami  its  bi'liavior  to  various  treatments.  Numerous  in- 
vestigatoi's  have  soiigiit  for  methods  of  ili'ying  vegetaliles  without  redm-tion 
in  their  antiscoi'butic  properties.  This  investigation  is  especially  concerned 
with  cabbage.  Jt  was  thought  that  possibly  by  dr\  ing  cabbage  in  an  atmos- 
phere of  cai'bon  dioxid  at  as  low  a  lemperatui'e  as  ])ossi1)le.  its  antiscorbutic 
vitamine    iiiiulit    csr.ipr    injury.      The   desiccation    was   carrii'd    o\it    in   such    an 
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;itiiu)spliere  at  65°  C,  but  it  was  found  tliat  this  docs  not  i)revent  the  destruc- 
tion of  the  antiscorbutic  substance.  A  second  purpose  was  to  study  the  in- 
fluence of  fermentation  as  in  the  manufacture  of  sauerkraut.  A^ain,  it  was 
found  that  this  process  leads  to  the  destruction  of  the  antiscorbutic  factor. 
Incidentally,  it  was  ascertained  that  the  antiscorbutic  factor  is  destroyed,  or 
at  least  greatly  reduced,  in  the  preparation  of  silage.  This  last  finding  is  prob- 
ably of  more  importance  than  that  regarding  sauerkraut.  If  the  vitamine  in 
silo  is  destroyed,  this  food  becomes  less  valuable  not  only  to  the  cattle  eating 
it,  l)ut  it  affects  and  lowers  the  value  of  the  milk  as  a  food  for  children. 

Drummond^  comments  upon  the  confusion  which  has  arisen  on  account 
of  the  different  terms  employed  in  referring  to  the  essential  food  factors 
which  have  no  caloric  value.  In  his  classical  paper  published  in  1912,  Hopkins 
designated  these  bodies  as  "accessory  factors  of  the  diet."  A  little  later, 
Funk,  in  his  experimental  studies  on  beriberi  chose  the  word  "vitamine." 
The  criticism  usually  raised  against  Funk's  word  is  that  the  termination  "ine" 
is  one  employed  in  chemical  nomenclature  to  denote  substances  basic  in  char- 
acter. In  order  to  avoid  this  objection  it  has  been  suggested  that  the  word 
"vitamine"  be  written  without  the  final  "e"  and  this  has  been  approved  by 
the  British  Chemical  Society.  McCoUum  introduced  the  terms  fat-soluble  A 
and  water-soluble  B.  This  has  added  to  the  confusion.  Drummond  now  pro- 
po.ses  that  we  use  vitamin  A,  B,  C,  etc.  He  thinks  that  tliis  simplified  scheme 
will  be  .sufficient  until  these  bodies  are  isolated  and  their  true  nature  de- 
termined. 

Drummond  and  Coward*  state  that  much  of  tlie  confusion  and  apparent 
di.sagreement  found  among  writers  on  vitamins  is  due  to  failure  to  have  a 
properly  purified  basal  diet  absolutely  devoid  of  vitamins.  They  state  that 
commercial  caseinogen  contains  relatively  large  amounts  of  the  fat-soluble 
vitamin  and  should  never  be  xised  as  a  part  of  the  basic  diet  until  it  has  been 
carefully  purified.  They  heat  their  commercial  caseinogen  for  twenty-four 
hours  or  more  in  shallow  dishes  at  a  temperature  of  102°  C,  after  which  they 
subject  it  to  prolonged  extraction  with  both  alcohol  and  ether.  Purified  rice 
starch  is  almost  entirely  devoid  of  fat-soluble  A  and  is  suitable  for  the  basic 
diet  without  complicating  and  costly  preliminary  extraction.  For  the  fatty 
con.stituent  these  investigators  employ  a  fully  hardened  and  refined  vegetable 
oil,  usually  cotton  seed  oil.  This  consists  largely  of  tristearin  and  is  entirely 
devoid  of  vitamin  A.  Orange  juice  and  salt  mixture,  as  well  as  yeast  extract, 
are  devoid  of  vitamin  A.  The  composition  of  the  basic  ration  employed  by 
Drummond  and  Coward  is  as  follows: 

Purified  caseinogen  18  parts 

Purified  rice  starch  i52      ' ' 

Eefined  vegetable  oil  In      " 

Yeast  extract  5      " 

Orange  juice  5      " 

Salt  mixture  -3      *  •' 

Eats  fed  upon  this  diet  dift'ered  in  behavior  somewhat  according  to  their  age. 
For  experiments  on  gro-.rth,  rats  from  four  to  five  weeks  old  and  weighing  from  50 
to  70  grams  should  be  selected.  On  the  above  given  diet  such  animals  show 
but  little  growth  and  soon  cease  to  grow.    Anv  considerable  increase  of  body 
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weight  in  those  animals  is  interpreted  as  an  indication  that  the  basic  ration  is 
not  suiificiently  purified.  Older  and  larger  rats  are  nnsatist'actory  in  testing 
for  vitamin  A  and  its  effects. 

"With  the  above  basic  diet,  rats  weighing  from  50  to  70  grams  were  fed, 
with  tlie  addition  of  certain  mits,  namely,  almonds,  butter  nuts,  walnuts,  pea- 
nuts, Brazil  and  Barcelona  nuts.  The  results  showed  that  these  nuts  have 
only  small  amounts  of  vitamin  A  associated  with  their  fats.  This  is  confirma- 
tion of  the  conclusion  reached  by  McCollum  and  others,  that  vitamin  A  is 
formed  largely  in  the  green  part  of  living  plants  and  is  not  stored  to  any 
appreciable  extent  in  seeds  or  other  resting  tissues. 

These  investigators,  on  the  same  basic  diet,  have  tested  for  vitamin  A, 
both  in  vegetable  and  animal  fats,  and  state  their  conclusions  as  follows:  "(1) 
No  hard  and  fast  line  can  be  drawn  between  the  animal  and  the  vegetable 
oils  and  fats  M-hen  their  value  as  a  source  of  vitamin  A  is  being  considered. 

(2)  Taken  as  a  class  the  animal  fats  possess  growth-promoting  power  superior 
to  that  of  the  vegetable  oils,  but  we  have  observed  that  one  or  two  members  of 
the  latter  class  (e.  g.  palm  oil)  may  show  considerable  activity  in  that  respect. 

(3)  Unless  we  assume  the  existence  of  a  leueoform  it  does  not  appear  probable 
that  the  fat-soluble  vitamin  is  a  member  of  the  lipochrome  class  of  pigments. 
The  frequent  association  of  the  growth  factor  with  pigments  of  that  tj'pe  must 
therefore  be  regarded  as  accidental.  (4)  The  nutritive  value  of  an  animal 
oil  or  fat  would  appear  to  be  influenced  considerably  by  the  diet  of  the  ani- 
mal. One  preliminary  experiment  shows  that  the  winter  feeding  of  cows  may 
have  the  effect  of  lowering  the  food  value  of  the  milk  i;nless  considerable  care 
is  exercised  in  the  selection  of  the  animal's  diet." 

Zilva=  has  apparently  demonstrated  the  following:  Alcohol  extracts  from 
carrots  and  cabbage  the  fat-soluble  factor  A;  the  alcoholic  extract  for  from 
ton  to  twelve  grams  of  fresh  carrots  given  daily  is  sufficient  to  promote  normal 
growth  in  rats  subsisting  on  a  diet  Miiolly  wanting  in  the  fat-soluble  factor; 
the  alcoholic  extracts  from  carrots  contain  the  antineuritic  and  to  a  smaller 
extent  tlie  antiscorbutic  factors;  an  ethereal  extract  from  the  alcoholic  frac- 
tion equivalent  to  twenty-five  grams  of  fresh  carrots  promotes  recovery  and 
renews  gro^'tli  in  rals  declining  in  woiglit  on  acodunt  of  a  fat-solublo  de- 
ficiency. 

Stephenson  and  Clark'  have  made  a  special  study  of  tlio  eye  involvement 
whieli  appears  in  some  rats  fed  upon  a  diet  deficient  in  vitamin  A.  This  eye  com- 
plication was  first  observed  by  McCollum  and  Simmonds  in  1917  and  was  desig- 
nated xerophthalmia,  but  it  is  now  most  frequently  described  under  the  name 
keratomalacia.  It  is  worthy  of  mention  that  a  similar  disease  was  reported 
by  ifori  in  Japan  in  1004  amoug  children  who  were  suffering  from  fat  star- 
vation. Mori  found  llial  i1  was  cured  by  feeding  on  chicken  livers  and  fish 
oils.  He  made  the  furtlior  observation  that  it  occurred  among  populations 
using  vegetable  oils  but  was  never  seen  among  people  using  fi.sh  oils.  A 
similar  disease  was  reported  in  Copeidiagen  by  Bloch  in  1917  among  cliildren 
fed  upon  highly  skimmed  milk.  Bloch  found  that  these  children  were  cured 
by  feeding  upon  whole  milk  and  cod-liver  oil.  Stephenson  and  Clark  find  that 
keratomalacia  occurred  in  twenty-eight  i)or  criil   of  their  rats  ko]i1   on  a  din 
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free  from  vitamin  A  and  that  tlie  eye  complication  rapidly  disappeared  when 
the  defieienej'  was  made  good.  They  state  their  findings  as  follows:  "(1) 
Corneal  disease  is  not  coincident  with  failure  of  growth  culminating  in  death ; 
it  forms  only  twenty-eight  per  cent  of  the  cases  examined.  (2)  This  disease 
is  further  differentiated  from  the  cessation  of  growth-death  .symptoms  by  oc- 
cui-ring  at  a  later  stage  in  the  experimental  period  and  rising  more  rapidly 
to  a  maximum.  (3)  At  no  period  in  the  experiment  are  all  the  deaths  preceded 
by  eye  disease  or  all  the  survivors  afflicted  with  it.  (4)  Cure  of  the  corneal 
disease  was  affected  by  the  replacement  of  the  fat-soluble  factor  in  one  hun- 
dred per  cent  of  the  cases  attempted."  They  failed  to  find  any  specific  bacte- 
rium associated  with  the  local  disease  in  the  eye.  Histologically,  the  first 
evidence  of  the  eye  being  affected  is  the  presence  of  numerous  leucocytes  in  the 
cornea.  This  leucocytic  infiltration  is  accompanied  by  or  soon  followed  by  the 
presence  of  bacteria  which  are  diverse  in  Ivind.  It  appears,  therefore,  that  the 
absence  of  vitamin  A  lowers  the  vitality  of  the  corneal  tissue  and  while  this 
condition  is  in  operation  any  bacteria  that  may  be  present  begin  operation. 
The  cure  of  the  eye  complication  is  in  no  way  hastened  or  modified  by  local 
application,  but  disappears  wholly  withiia  a  few  days  after  return  to  normal 
diet.  It  will  be  understood  that  the  keratomalaeia  may  go  so  far  as  to  lead  to 
perforation  of  the  cornea  and  destruction  of  the  eyesight.  Of  course,  return 
to  proper  food  after  this  stage  has  been  reached  will  not  restore  the  sight,  but 
does  arrest  the  inflammatory  processes.  This  appears  to  be  a  striking  instance 
of  the  relation  between  lowered  nutrition  and  bacterial  infection.  In  this 
case  the  nutrition  of  a  specific  tissue  is  so  reduced  by  lack  of  an  essential  food 
factor  that  any  bacterium  which  finds  access  to  the  tissue  in  this  condition 
takes  on  pathogenic  qualities. 

Stephenson'  has  studied  the  relation  between  certain  yellow  plant  pig- 
ments and  vitamin  A.  In  1914  it  was  shown  by  Palmer  and  Eekles  that  the 
coloring  matter  in  milk  and  in  the  body  fats  of  cows  consists  essentially  of 
carotin  with  only  traces  of  xanthophyll.  The  same  .substance  is  found  to  be 
the  chief  coloring  matter  in  the  fats  of  certain  other  herbivorous  animals, 
especially  the  horse.  Strange  to  say,  however,  carotin  cannot  be  found  in 
the  blood  serum  or  fats  of  swine  and  only  traces  in  the  corresponding  tissues 
of  sheep  and.  goats.  The  pigments  stored  by  birds  and  found  in  the  yolk  of 
the  egg  and  in  the  body  fats  is  principally  xanthophyll.  Quite  naturally,  one 
comes  to  regard  a  yellow  milk  as  a  rich  milk  and  is  inclined  to  judge  of  the 
food  value  of  the  milk  by  its  color.  The  researches  of  Stephenson  seem  to 
show  quite  emiclusively  that  vitamin  A  is  not  carotin  and  that  the  color  of 
milk  is  not  an  indication  of  its  richness  in  vitamin  A ;  in  fact,  the  coloring  mat- 
ter of  butter  fat  may  be  completely  removed  or  destroj-ed  by  filtration  through 
charcoal  without  in  the  least  affecting  the  vitamin  content  of  the  butter. 

Hopkins*  has  shown  that  vitamin  A  in  butter  is  highly  resistant  to  heat, 
provided  aeration  is  excluded.  Butter  may  be  heated  to  120°  C.  in  the  ab- 
sence of  air  for  four  hours  and  even  longer  without  any  marked  reduction  in 
its  vitamin  content,  as  demonstrated  by  rat  feeding  provided  the  fat  forms 
fifteen  per  cent  of  the  food;  on  the  other  hand,  aeration  for  four  hours  at  120° 
destroys  the  greater  part  of  the  vitamin  in  butter.    It  will  be  understood  that 
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ai'ratioii  at  liijrli  tciiiix'ratiires  leads  to  iiiori'  spi'L-dy  destruelioii  of  the  vitamin 
than  aeration  at  low  temperature,  but  even  at  ordinary  room  temperature 
butter  exposed  in  thin  layers  loses  much  of  its  vitamin  A  within  a  few  days. 
The  housewife  has  learned  by  experience  that  butter  keeps  better  in  lar<ic 
masses  at  low  temperatures  and  with  the  exclusion  of  light.  It  seems  that  Ave 
have  unconsciously  through  genenil  inns  learned  many  things  as  to  the  prepa- 
ration and  preservation  of  food  a\  liii-li  only  iccently  science  has  demonstrated. 

Since  vitamin  A  is  destroyed  by  aeratimi,  it  is  ]ilain  that  exposure  of  this 
food  to  an  ozonized  atmosphere  is  detrimental.  This  has  been  scientifically 
demonstrated  by  Zilva,  who  has  shown  that  when  butter  is  spread  on  a  thin 
layer  and  exposed  to  ultraviolet  rays  the  fat-soluble  factor  is  inactivated. 

There  has  been  some  discussion  among  experts  as  to  the  presence  of 
A'itamiu  A  in  lard.  Numerous  experiments  have  been  made  and  generally  the 
conclusion  has  been  reached  that  the  body  fat  of  the  hog  is  devoid  of  this 
essential  food  factor.  Drummond  and  his  assistants  have  gone  through  this 
subject  again  and  they  have  found  that  the  amount  of  A'itamin  A  in  lard 
depends  to  a  considerable  extent  at  least,  upon  the  food  upon  which  the  hog 
has  been  reared  and  the  process  employed  in  rendering  the  lard.  They  conclude 
their  work  with  the  following  statements:  (1)  "The  pig  is  able  to  store  up 
supplies  of  vitamin  A  in  the  body  fat  when  fed  upon  a  diet  containing  ample 
supplies  of  that  factor,  as  for  example  when  grass  is  fed.  (2)  When  the  diet 
of  the  pig  is  deficient  in  vitamin  A,  as  for  example  when  the  diet  consists  al- 
most entirely  of  toppings  and  whey,  no  appreciable  amounts  of  that  dietary 
factor  can  be  detected  in  the  body  fat.  (3)  The  processes  employed  in  the 
manufacture  of  lard  on  a  large  scale  cause  a  very  marked  destruction  of  the 
vitamin  present  in  pig  fat." 

There  have  been  many  attempts  to  connect  deficiency  diseases  with  dis- 
orders of  some  endocrine  gland.  Nothing  very  substantial  has  come  from  these 
suggestions.  Now,  Cramer  comes  along  with  the  suggestion  that  certain  fat 
formations  in  the  body  are  really  glandular  tissue  and  that  these  are  concerned 
in  some  way  \y\\U  tlie  functioning  of  the  vitamins.  He  says:  "In  all  types  of 
mammals  wliicli  lia\-e  been  investigated  there  exists  a  glandular  type  of  adipose 
tissue  histogenetically  distinct  from  the  ordinary  adipose.  It  has  been  de- 
scribed under  various  names,  e.g.,  'jirimitivc  fat  organ,'  'fat  gland,'  hiber- 
nating gland,'  'brown  fat,'  'inlerseajjular  gland.'  In  all  species  it  has  in  the 
embryo  a  charactci'istic  gland-like  structure.  In  some  species  (white  rat, 
tame  mouse,  hibernating  animals)  it  retains  this  characteristic  histological 
structure.  But  in  most  species  the  tissue  aequii'es  the  appearance  of  ordinary 
adipose  tissue  soon  after  birth,  so  that  llie  i)rocess  has  been  looked  upon  as  one 
of  the  stages  leading  to  the  formation  of  ihe  adipose  tissue  of  the  adult  organ- 
ism. It  is  shown  that  this  tissue,  wliirli  is  ^  I'ry  \ascMilar,  is  functionally  dis- 
tinct from  oi-dinary  adijjose  tissue.  'I'lic  lally  material  which  i1  contains  is 
rich  in  cholesterin  c()m])oun(ls  and  other  lipoids  in  addition  to  ordinary  true 
fat.  Tliis  load  of  iii)oid  is  reiained  under  conditions  which  bring  about  the  dis- 
appearance of  the  ordinary  adipnse  tissue.  lOvidence  is  i;i\-en  to  show  that  it  is 
functionally  related  to  the  lliyrnid  and  adrenal  glands.  A  |)articularly  close 
l-clal  iiiiiship  exists  lii'lwecii  I  he  lipnids  of  this  tissue  and  those  of  the  adrenal 
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cortex.  The  sisTnificauee  of  the  eliauges  of  the  lipoids  in  the  adrenal  cor- 
tex is  discussed.  If  vitamins  are  completely  withheld  from  the  diet  the 
lipoids  disappear  from  the  adrenal  cortex  and  from  this  tissue,  which  persists, 
however,  as  a  tissue  and  exhibits  the  appearance  of  a  very  vascular  endocrine 
organ.  The  existence  of  this  ti.ssue  throws  fresh  light  on  the  problem  of  de- 
ficiencj-  diseases,  since  disturbance  of  the  functional  activity  of  this  gland-like 
tissue  will  have  to  be  considered  as  a  factor  in  the  etiology  of  these  diseases. 
In  view  of  its  appearance  its  function  and  its  importance  it  is  proposed  to 
call  this  glandular  type  of  adipose  tissue  the  'lipoid  gland'  or  'eholesterin 
gland.'  " 
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Superinfection  in  Syphilis  in  Its  Relation  to  Suhtreatment 

IT  is  generally  held  that  a  person  infected  with  the  virus  of  syphilis  becomes 
practically  immune  to  a  second  infection;  that,  with  the  development  of 
the  initial  lesion,  a  condition  becomes  established  which  makes  it  difficult  or 
impossible  to  superimpose  a  second  infection  upon  the  one  already  present 
and  that  this  refractory  state  is  maintained  as  long  as  an  infection  exists. 
Both  human  and  animal  experiences  agree  upon  this,  so  far  as  they  have 
been  tested.  In  the  absence  of  any  evidence  to  the  contrarj^  it  has  been 
assumed  that  the  principles  contained  in  this  conception  of  syphilitic  im- 
munity apply  to  treated  as  well  as  to  untreated  cases  of  syphilis  and  many 
syphilographers  have  regarded  the  appearance  of  fresh  lesions  of  the  chancre 
t.ype,  under  circumstances  which  would  indicate  a  new  infection,  as  the  most 
conclusive  evidence  of  the  cure  of  the  previous  infection.  But  Jaeobi  sug- 
gested that  the  reaction  to  a  second  iufection  may  be  viewed  more  as  the 
expression  of  any  existing  state  of  immunity  than  as  evidence  of  the  presence 
or  absence  of  infection. 

There  are  matters  that  need  elucidation  and  the  need  is  accentuated  by  the 
fact,  so  stated  by  Brown  and  Pearce,  that  until  the  introduction  of  modern 
methods  of  spirocheticidal  therapy,  instances  of  so-called  reinfection  were 
comparatively  rare,  and  interest  in  the  subject  was  largely  a  theoretic  affair. 
The  point  at  issue,  say  Brown  and  Pearce,  is  not  so  much  a  question  of  the 
immunity  conferred  by  sj'philitie  infection  as  it  is  the  effect  which  certain 
therapeutics  may  have  upon  the  resistance  of  infected  individuals,  and  upon 
any  spirochetes  which  may  survive  their  action.  This  is  the  problem  which 
Brown  and  Pearce  have  approached  experimentally,  for  the  purpose  of  dis- 
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covering  the  effect  of  subcurative  doses  of  arspheuamine  and  neo-arsphena- 
miue  upon  the  resistance  of  infected  animals  to  reinoeulation. 

These  experiments  consisted  of  the  infection  and  treatment  of  two  sets 
of  rabbits — one  with  arsphenaniine  ;  the  other  with  neoarsphenamine — after 
Avhich  they  were  reinoeulated  with  luetic  virus  for  the  purpose  of  determin- 
ing their  susceptibility  to  a  new  infection.  The  experiments  were  rigorously 
controlled.  Animals  after  being  inoculated  with  the  .sj-philitic  virus  and 
the  lesions  had  developed  were  given  subcurative  injections  of  the  two  drugs, 
after  which  they  were  subjected  to  reinfection. 

The  effect  of  the  treatment  used  in  the  experiments  was  as  follows ;  Fol- 
lowing the  administration  of  the  drugs  the  lesions  began  to  regress,  resolution 
proceeding  somewhat  more  rapidly  in  the  animals  treated  with  neoarsphen- 
amine than  in  those  treated  with  arspheuamine.  The  first  evidences  of  re- 
lapse were  noted  betw^een  14  and  17  days  after  treatment.  Clinical  relapse 
among  animals  treated  with  neoarsphenamine  was  more  delayed  than  among 
those  treated  with  arsphenaniine.  In  all  the  animals  of  both  series,  however, 
relapse  occurred,  which  proves  that  1lie  infection  was  active,  and  that  the 
treatment  used  subcurative. 

For  the  effects  of  reinoeulation  of  infected  (but  untreated)  controls, 
animals  with  the  most  advanced  lesions  were  selected,  while  those  showing 
least  progress  were  used  as  controls.  In  but  two  instances  out  of  ten  inocu- 
lations did  any  lesion  result  which  gave  evidence  of  being  due  to  syphilitic 
infection. 

Reinoeulation  of  treated  animals,  on  the  other  hand  gave  different  results, 
i.  e.,  all  but  two  developed  perfectly  typical  chancres  associated  with  lymphad- 
enitis. It  is  of  interest  to  note  that  the  relapses  of  the  original  lesions  oc- 
curred in  eight  of  the  ten  reinoculations  at  about  the  time  when  the  super- 
infection lesions  became  well  established. 

The  results  of  the  treatment  and  reinoeulation  as  a  whole  are  stated 
as  follows:  Of  the  animals  treated  with  ar.sphenamine  and  then  reinoeulated, 
the  original  lesions  were  completely  resolved  in  but  one  instance,  and  relapses 
occurred  within  33  days  in  four  of  the  five  animals.  By  reinoeulation  char- 
acteristic chancres  were  produced  in  all  the  animals  of  the  group.  The  results 
with  neoarsphenamine  were  not  so  uniform.  In  two  animals  tlie  lesions 
were  quickly  resolved.  Clinical  relapses  occurred  in  all  but  one  animal  in 
the  group  at  from  14  to  24  days  after  treatment.  Characteristic  chaiu-res 
were  produced  by  a  second  inoculation  in  three  of  the  five  animals. 

The  results  of  llic  wliole  experiment  stated  in  summary  are:  (1)  that 
the  treatment  employed  was  iusuflicient  to  cure  any  of  the  therapeutic  con- 
trols; (2)  that  the  infected  (and  untreated)  controls  were  highly  refractory 
to  a  second  inoculation;  (3)  tliat  the  treated  animals  Mere  highly  suscepti- 
ble to  a  second  inoculation  and  that  though  not  cured  of  their  original  in- 
fection, reacted  to  the  second  inoculation  with  the  formation  of  lesions  in- 
distinguishal)le  from  primary  sores;  and  (4)  that  in  certain  instances  the 
treatment  given  had  rendered  infected  animals  more  susceptible  to  infection 
than  the  normal  controls. 
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One  wonders  after  reading  these  results,  what  effect  on  reinoeulability 
mercury  has,  whether  given  alone  or  in  conjunction  with  arsenic.  This  is 
suggested  by  the  statement  that  evidences  of  reinfection  were  less  frequent 
before  the  advent  of  arsphenaminc  therapy.  One  also  wonders  what  influence 
upon  the  present  generation  of  syphilitics  the  too-general  undertreatment  is 
having;  and  whether  in  the  campaign  for  education  of  the  laity  some  em- 
phasis should  not  be  placed  on  the  fact  that  undei-treatment  of  syphilis  is  per- 
haps as  serious  an  affair  as  none,  and  that  a  few  doses  of  arsphenaminc  gives 
little  but  a  false  sense  of  security. 
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Goiter  in  Northern  Michigan 

IT  HAS  long  been  known  that  goiter  is  unduly  prevalent  in  certain  areas 
roundabout  the  Great  Lakes,  both  in  the  United  States  and  in  Canada. 
Marine  has  told  us  that  at  one  time  the  sheep-raising  industry  in  Michigan 
was  threatened  on  account  of  the  prevalence  of  this  disease  among  these  ani- 
mals but  that  among  sheep,  goiter  was  exterminated  by  the  substitution  of 
native  for  imported  salt,  the  former  containing  enough  iodin  to  prevent  the 
development  of  goiter  in  the  animals.  Before  we  entered  the  war.  Marine 
and  Kimball  made  a  survey  of  goiter  at  Akron,  Ohio,  and  induced  the  authori- 
ties to  provide  for  the  administration  of  an  iodid  to  all  school  children.  We 
suppose  that  this  experiment  was  interrupted  by  the  war;  at  least,  we  have 
had  no  information  concerning  the  result. 

Levin^  has  reported  upon  the  examination  of  1,783  unselected  persons  in 
the  Townships  of  Torch  Lake  and  Schoolcraft  in  Houghton  County,  Michigan. 
One  part  of  this  community  is  supplied  with  .spring  water,  a  second  part  with 
Lake  Superior  watei",  and  a  third,  with  well  Avater.  However,  there  is  no 
evidence  that  these  waters  differ  materially  either  in  organic  or  inorganic 
content.  Levin  states  that  in  all  these  waters  the  relation  of  calcium  to  sodium 
elements  is  always  more  than  1:1,  and  that  this  relationship  occurs  but  rarely 
in  any  other  water-supply  in  the  United  States.  Levin's  observations  throw 
no  light  upon  the  influence  of  water  in  the  causation  of  goiter,  because,  Avhile 
there  may  be  quantitative,  there  are  apparently  no  qualitative,  differences  in 
the  waters  used.  The  people  are  Americans,  the  larger  percentage  of  French- 
Canadian  extraction,  and  thej'  are  above  the  average  in  intelligence  and  in 
living  conditions.  There  are  no  marked  unhygienic  surroundings.  Each  home 
has  plenty  of  sunlight,  good  ventilation,  and  a  lot  of  fair  size  for  gardening. 
In  the  1,783  persons,  ranging  in  age  from  newborn  to  sixty-one  years,  1,146  had 
enlarged  thyroids,  with  682  simple  goiters,  420  adenomas,  and  44  colloids. 
Among  the  people  examiaed  there  are  only  two  cretins,  and  the  mother  of  each 
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of  these  has  a  fjoiter.  There  are  a  few  families  with  several  morons,  althoufrh 
Levin  apparently  has  not  made  any  seientific  mental  tests.  Out  of  the  total 
number  examined,  mothers  alone  had  goiters  in  802  instances;  fathers  alone 
in  12,  and  JDoth  parents  in  183.  In  regard  to  the  possibility  of  goiter  being 
due  to  infection,  the  author  makes  the  following  statement:  "In  analyzing 
those  who  have  focal  infection  and  develop  enlargements  of  the  thyroid, 
whether  becoming  toxic  or  not,  I  am  not  free  to  believe  that  infection  alone, 
or  the  infective  agent,  causes  goiter.  The  presence  of  infected  teeth  or  in- 
fected liypertrophied  tonsils,  or  contagious  diseases,  or  other  infections  will 
cause  in  thyroid  patients,  thyroiditis,  enlargements  of  adenomas,  or  toxin 
symptoms,  'occasionally.  Tlie  infective  agent  very  rarely  does  this  directly, 
but  the  focal  toxemia  causes  a  secondary  effect  on  the  thyroid.  The  weight 
of  evidence  and  observations  leads  me  to  conclude  that  except  for  a  direct 
thyroiditis,  which  is  not  uncommon,  thyroid  enlargements  or  thyroid  zones 
are  not  caused  necessarily  by  direct  infective  agents.  This  is  said  with  due 
respect  to  the  modern  writers  on  the  subject  who  lean  toward  some  infective 
agent  in  itself  being  responsible  for  thyroid  zones.  The  future  will  settle  the 
(juestion  whether  direct  infection,  or  intestinal  toxemia,  or  just  the  lack  of 
.some  element  in  the  soil  or  water,  or  uncleanliness  in  the  handling  of  vegetables 
grown  here  is,  or  contains,  the  causative  agent.  The  large  numbers  in  our 
section  w-ho  are  practically  normal  and  healthy  otherwise,  those  who  lose  their 
enlargements  of  the  thyroid  during  absence  from  this  section,  and  the  presence 
of  enlargements  which  become  more  marked  here  than  elsew'here  during  the 
periods  of  life  w'heu  the  greatest  metabolic  changes  occur — as  puberty,  meno- 
pause, menstruation  and  pregnancy — are  points  in  circumstantial  evidence 
that  offset  much  in  the  infective  theory."  We  suggest  to  Levin  that  it  would 
l)e  a  good  idea  to  try  in  his  community  the  administration  of  small  doses  of 
sodium  iodid,  as  was  proposed  by  Marine  for  the  school  children  of  Akron. 

—r.  c.  y. 


Editor  Goes  to  National  Research  Council. 

Attention  is  called  to  the  change  in  address  of  the  Editor-in-chief  from 
Ann  Arbor,  Michigan,  to  National  Kesearch  Council,  1701  Massachusetts  Ave- 
nue, Washington,  D.  C.  All  communications  coiu'erning  the  reading  matter  of 
the  journal  shotild  be  sent  to  Dr.  \'.  ('.  X'auglian  at  tiic  jibove-giveii  juldress 
after  September  10,  1921. 
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from    pathologic    material,    104 

Bacterial   infection,   spread  of,  471 

vaccines — chloretone  solution  as  a  vehicle 
for. their  administration,  47 


Bacteriologic  studies  of  acute  inflammation 
of  the  nose,  pharynx  and 
tonsils,  26S 
Bacteriology  of  chronic  nontuberculous  lung 
disease,   349 
of  tlie  common  cold,  176 
Basal   metabolism,    apparatus  used   in    the 
estimation  of,  657 
calculation  of,  678 
Benign  tumors  of  the  gastrointestinal  tract, 

339 
Benzyl  benzoate,  pharmacological  study  of, 
62 
esters,  pharmacology  of  some,  388 
Beryllium     (glucinum),    sodium    thioglycol- 
late, 366 
Biochemical    changes    in    traumatic    shock, 

405 
Bismuth,  sodium  thioglycollate,  364 
Blood   cells,    red,    resistance    of,    454,    487, 
568 
changes  in  the   ease  of  hemophilia  after 

transfusion,    102 
chemical  changes  in,  in  disease,  17 
chlorides,  estimation  of,  20 
coagulating   and   smooth   muscle-contract- 
ing  properties   of   tissue    extracts, 
relation  between,  374 
coagulation,  a  preliminary  report  on,  195 
determination    of   plasma    percentage    in, 

621 
distribution  of  uric  acid  in  the,  680 
drawn,   stability,   of  45 
hemoglobin    content    of,    648 
human,    precipitin    reaction    used    as    evi- 
dence  for   the   identification   of,   in 
an  American  court,  709 
plasma   dui-ing   protein   shock,   alkali    re- 
serve of,  481 
smears,  two  stains  used  in  preference  to 
Wright 's    in    routine    staining    of, 
593 
sugar  tolerance  in   cancer  and  in  hyper- 
tension, 227 
t.i-ped,  using  Moss's  grouping,  276 
Toliune,  method  for  the  determination  of, 

618 
whole,  estimation  of  chlorides  in,  44 
Bloody   spinal   fluid,     value    of    Eoss-Jones 

test  on,  642 
Brain  stem  structures  in  influenza,  549 
Bronchial  asthma,  207 

B.     tuberculosis,     methods     for     examining 
sputa  for,  41 


Cadmiiun,  sodium  thioglycollate,  367 
Calculation  of  basal  metabolism,  678 
Cancer   and  hypertension,   blood  sugar   tol- 
erance in,  227 
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C'ai'cinoiiKi  ami  iH'jitic   ulccis  iil'  tlic  thyroid 

in  a  (log,  2 v.', 
Cardiorenal   disturbam'es   ami    rcHistancp   of 

red   blood    cells,    50il 
Central  ner\ous  system  in  intluenza,  54S 
Cerium,  sodium  thioslycoUate,  368 
Chauimoogra  oil  in  the  treatment  of  tuber- 
culosis,  415 
Chemical    changes    in    the    lilood    in    disease, 

17 
Chilling,  excessive,  as  an  excitant   of  infec- 
tion, 181 
interpretation  of  reactions  to,  324 
Chloretone  solution  as  vehicle   for  adminis- 
tration of  bacterial  vaccines,  47 
Chloride  content  of  whole  blood,  18 
Chlorides,  estimation  of,  in  wliole  lilood.  44 
Chromium,    370 

Chronic    nontuberculous   lung    disease,    bac- 
teriology  of,   349 
Ciliary   ganglion,   exposure   of,   in   dog,   for 
experimental  work,   639 
utilization  of,  for  class  work  in  jiliysi- 
ology    and    jjliarmacology    of    the 
eye,  161. 
Classification  of  streptococcus,  312 
Clinical     determination     of     early     arterial 
disease,  597 
synthesis,  and  syphilology,  469 
Coagulable  jirotein  in  serum,  determination 

of,  223 
Coagulant  solution,  purified  active,  3So 
Coagulation,    bhiod,    preliminary    report    on, 
195 
of    blood,     substances    wliich     accelerate, 

198 
of  blood,  substances  which  retard,  198 
Cobalt,  soclium  thioglycolhite,  :'.71 
Cold,  common,  and  weatlu'r  and   ventilation, 
603,  684 
liacteriology  of,  176 
Coh)rimctric   method    for   the   estimation    of 
morphine  in  colloidal  mixtures  and 
tissues,  699 
of  determination  of  lactose  in  milk,  221 
Comparative   values    of   complement-fixation 

methods   in   syjihilis,   233 
Complement-fixation     nu'thoils     in     sy]iliilis, 
comparative   v.alues  of,   23.'! 
observations   of   the  (piantitalive   nature 

of,  144 
vs.    amboceptor    titrations    in    the    W.as- 
sermann  test,  153, 
Complications    of    arsphenamine    treatment 

of  syphilis,  .344 
Composite  reagent  for  the  determination  of 

sodium  chloride  in  urine,  160 
Control   of  measles,   114 
Cojiper,   sodium   thioglycollate,   3(i5 
Creatinine  and  acetone  in  urine,  niutinc  de- 
termination of,  3.'iS 
Crude   autithrnmliin    solution,   379 

]) 
IX'tcrmination  of  lilood  voUuue,  methcd   fur, 

618 
Diagnosis   of    typhoid    ami    jL-n.-ityphoid    in 

fections,  335 


Dietaries,   di'Hcicnt,   effects  of,   on   monkeys, 

170 
Dietetic    treatment    of   diabetes   mellitus.    .">7 
Diphtheria,   active   immunization   of   infants 
against,  120 
in   the    army,    28 
Diseases   in   animals  communicalile   to   man, 

594 
Distribution  of  uric  acid  in  tlie  lilood,  680 
Duration  of  systole  and  diastole  under  dif- 
ferent     cardiovascular      conditions, 
298 

E 

Encephalitis   lethargica,     late    sequelae     of, 

288 
Epidemic  control,  principles  of,  35 

of  influenza,  report  of,  in  army  jiost  of 
American  Exjseditionary  Forces  in 
France,    78 
respiratory  diseases  in  the  army,  personal 
experiences  with,  25 
Epidemiology  of  tuberculosis,  231 
Estimation  of  basal  metabolism,  apparatus 

used  in,   657 
Etiology     of     acute     inliamniations     of    the 
nose,  pharvnx  and  tonsils,  175,  253, 
322 
of  scarlet  fever,  561 
Exophthalmic   goiter,  treatment  of,   165 
Experimental  influenza  bacillus  infection  in 

man,   525 
Extracts  of  fresli  normal  tissue,  378 


F 

Fibrinogen    splits    in    the    process    of    clot- 
ting, evidence  that,  196 
Freshness  and  odor  in  rooms,  607 
Ftinctional  anatomy  of  ])ars  pylorica,  126 


Gas  analysis,  principles  of,  669 

Gasometer  for  use  in  estimation  of  basal 
metabolism,  664 

Gas-sampling  bottles  for  use  in  estimation 
of    liasal   metabolism,   667 

Gastric  carcinoma,  relation  of  differentia- 
tion and  lymphocytic  infiltration 
to   postoperative   huigevity   in,   473 

(iastrointestinal  tract,  benign  tumors  of  the, 
3.39 

Glands  of  internal  secretion  in  infiuenza, 
548 

Goiter,   exophthalmic,   treatment   of,    165 
in    X(irthi>rii    Michigan,    719 

(liihi,    sdilium    thioglycoUate,    366 

II 

Heart   and   great    vessels   in   intluenza.  5.".7 
bhick,  -A  sim]de  device  for  the  demonstra- 
tion  of,   ill   the   student   laboratory, 
635 
llechl-Ciradwohl   test,  2,36 

iMuidoying   ii-e   chest    fixation,   706 
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Hcmoglobiu  coutcnt  of  the  blood,  648 

solution,    preparation     of,    for     injection, 
619 

Hemolytic   streptoeoeei,   316 

Heniopliilia,    after    transfusion,    blood 
changes  in,  102 

Hemostatic  agents,  398 

and  the  spontaneous  changes  in  coagu- 
lation time  following  hemorrhage, 
59 

Hormone,   specific,   of   posterior  portion   of 
pituitary  gland,  isolation  of,  48 

Humidity,  606 

Hviierthvroidisni,   roentgen   rav   therapv   in, 
"284 


Ice  water-ljatli  in  complement  fixation  for 
the  Wassermaun  reaction,  a  short- 
ened techuic,  392 

Immunization  of  infants  against  diph- 
theria, 120 

Immunized  blood,  transfusion  with,  in  a 
case  of  infectious  endocarditis,  191 

Immunology,  present  day,  229 

Infection,  excessive  chilling  as  an  excitant 
of,  181 

Inflammations,  acute,  of  the  nose,  pharynx, 
and  tonsils,   etiology  of,  175,  253, 
322 
due  to   systemic  toxic,  and  neurotic  fac- 
tors, 327 

Influenza  among  the  Lapjjs,   57 
and    pneumonia    in    Siara,    206 
and  tuberculosis,  105,  651 
bacillus    infection    in    man,    experimental, 

525 
epidemic,  report  of,  in  au  ai-my  post  iu 
the     American     Expeditionary 
forces  in  France,  78 
in  the  army,  30 

pathology  of,  in  those  with  chronic  men- 
tal disease,  531 

Institutional  practice  of  medicine,  relation 
of  pathologist  to,  331 

International  organization  and  public 
health,  529 

Internist   and  roentgenologj',   53 

Interpretation  of  the  Wassermann  test,  579 

Intestinal  parasites  in  Siam,  209 

Isolating  bacteria  from  pathologic  material, 
a  simple  method,  104 

Isolation  of  the  specific  liomione  of  poste- 
rior portion  of  pituitary  gland,  48 


James    theory    of    the    emotions    in    relation 

to  adrenal  glands,  193 
Jaundice  and    resistance    of  the  red    blood 

cells,  496 
in  atrophic   cirrhosis  of  liver,   209 


Kidneys  in  influenza,  540 


Laboratory     examinations    and     records,    a 
system  of,  505 
records,  515 

technician,  training    and  proper    recogni- 
tion of,  644 
Lactose,     determination     of,     in     milk     by 

colorinietric  method,  220 
Late    sequelae    of    encephalitis    lethargiea, 

288 
Lead,  excretion  of,  448 

pharmacologic  action  of,  in  organic  com- 
bination of,  427 
poisoning,  496 

clinical  s\'mptoms  of,  427 
sodium  thioglycoUate,   368 
Lipoidal  antigens  for  the  Wassermann  test, 
standard     method     for     preparing 
and  standardizing,  624 
Liver  in  influenza,  539 
Lobar  pneumonia,  209 
Lungs    in   influenza,    533 
Lymphosarcoma,    primarv,    of   the    stomach, 
249 

M 

Malaria  and  the  resistance  of  the  red  blood 
cells,  490 

Malignant  growths  and  resistance  of  the 
red  blood  cells,  501 

Manganese,   sodium   thioglycoUate,   371 

Mask  for  estimation  of  basal  metabolism, 
662 

Measles,  control  of,  114 
in  the  army,  26 

Mercury  manometer  float  that  will  ride  on 
the  surface   of  the  mercury  at  all 
times,  710 
sodium  thioglycoUate,  367 

Metal  salts  of  thioglycollic  acid,  prepara- 
tion of,  359 

Mexican  smallpox,  289 

Modification  of  "\'an  Slyke  's  titration  meth- 
od for  estimating  the  alkali  reserve 
of  blood,  37 

Molybdenum,   sodium  thioglycoUate,  370 

Morphine,  a  colorimetric  method  for  estima- 
■    tion  of,   in   colloidal  mixtures  and 
tissues,  699 

Moss 's  grouping,  rejiort  on  five  thousand 
blood   types,   using,   276 

Motility  of  the  antrum  and  relation  of 
rhythmic  activity  of  j)yloric 
sphincter  to  that  of  the  antrum, 
125 

Mueors,  pathogenic,  356 

Muscle-contracting  and  blood-coagulating 
l)roperties  of  tissue  extracts,  rela- 
tion between,  374 

Myxedema,  life-liistory  of  first  case  treated 
with    thyroid    extract,    55 

N 

Negative  Wassermann   reaction   in   svphilis, 

653 
Nickel,  sodium  thioglycoUate,  371 
Nonhemolytic  streptococci,  316 
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Paratyphoid  and  typhoid  infections,  diag- 
nosis of,  335 

Pars  pylorica,  functional  anatomy  of,  126 

Pathologists,  relation  of,  to  institutional 
practice  of  medicine,  331 

Pathology    of    iiitluenza    as    seen    in    those 
with  chronic  mental  disease,  531 
of   lymphosarcoma  of  the   stomach,   250 

Pellagra,  two  recent  papers  on,  054 

Peniciliium  glaucum  with  modified  sporan- 
gium, 356 

Peptic  ulcer  and  carcinoma  of  the  thyroid 
in  a  dog,  213 

Permeability  of  corpuscles  to  added  uric 
acid,   682 

Pharmacologic    action    of    lead    in    organic 
combination,  427 
of  salvarsan,   1 
study  of  benzyl  benzoate,  62 

Pharmacology   of   benzyl   esters,   388 

Plasma  percentage  •  in  blood,  determination 
of,   621 

Platinum,  sodium  thioglycollate    372 

Polyvalent  antipneumococcic  serum,   23 

Postmort<'m  examinations  in  ,Siam  analysis 
of,  199 

Pneumonias,  614 

review  of  ninety-four  necropsies,  611 

Precipitin  reactions  used  as  evidence  for 
the  identification  of  human  blood 
in  an  American  court,  709 

Pregnancy  and  the  resistance  of  tlie  red 
blood  cells,  487 

Preparation  and  standardization  of  poly- 
valent antipneumococcic  serum,  "3 

Primary  hTiiphosarcoma  of  the  stomach 
249  ' 

Provocative  Wassermann,  590 

Public  health  nnd  internatioiinl  organiza- 
tion, 529 

Q 

Quantitative  nature  of  comiilenienf  fixation, 
144 


Recording     laboratory     reports     on    history 
511  ^' 

Red  Idood  cells,  resistance  of,  454,  487    568 
Keinfcction,  tuberculosis  and,  162  ' 

Relation  of  differentiation  aiid  lymphocytic 
infiltration  to  postoperati\  e  lougev- 
ily  in  gastric  carcinoma,  473 
Renal  insufficiency,  test  for  early,  463 
Research  information  bureau,  230 
Resistance  of  the  red  blood  cells,  454    487 
568  .         ) 

and   malaria,   490 

during  pregnancy,  487 

in  anemia,  -198 

in   eardiorcnal   <]isturbances,   500 

in   jaundice,   496 

in   malignant  growths,  501 

in   syphilis,   494 

in  tuberculosis,  492 

in  typhoid  fever,  493 


Respiratory  laboratory,  660 

Rhinitis,  acute,  328 

Roentgen    rav    therapy    in    hvperthyroidism, 

2S4' 
Roentgenology  and  the  internist,  53 
Ross-Jones  test  on  bloody  spinal  fluid,  value 

of,  642 
Rubidium,  sodium  thioglycollate,  365 


Salvarsan,   pharmacological  action  of,   1 

Scarlet  fever,  etiology  of,  561 
in  the  army,   28 

Schick    test,    factors    influencing    reliability 
of,   lis 
practical  applications  and  uses  of,  117 
technic  of,  119 

Scurvy  in  Northern  Russia,  168 

Sensation   and   moisture,    609 

Serology  of  scarlet  fever,  566 

Shaking  devise,  simple,  222 

Shock,  traumatic,  biochemical  changes  in, 
405 

Sickness  rates  in  individual  rooms  and 
schools,  684 

Silver  arsphenamine,  527 
sodium  thioglycollate,  365 

Sinusitis,  purulent,  614 

Smallpox,  are  there  two  diseases  under 
present  diagnosis  of,  54 

Sodium    bicarbonate,    effect    of    administra- 
tion of,  on  shock,  484 
chloride,  composite  reagent  for  the  deter- 
mination of,  in  urine,   160 

Spleen  in  influenza,  540 

Sputa,  methods  for  examining,  for  B.  tuber- 
culosis, 41 

Stability  of  drawn  blood,  45 

Staining  and  drying  slides,  apparatus  for, 
101 

Stains  used  in  preference  to  Wright 's  stain 
in  routine  staining  of  blood 
smears,  593 

Streptococci  isolated  from  normal  and 
pathologic  throats,   315 

Streptococcus,  classification  of,  312 

Superinfection  in  syphilis  in  its  relation  to 
subtreatment,  717 

Syphilis   and     resistance    of    the   red     blood 
cells,  494 
superiufoctiou  in,  in   its  relation  to  sub- 
treatment,  717 

Syphilology  and  clinical  synthesis,  469 

System  of  laboratory  ex:iuiiunti()us  and 
records,  505 

Systole,    method    for    determininsr    duration 
of,  292 
ventricular,     factors    modifying     ilur:ition 
of,   291 


Tellurium,  370 

Test  for  early  renal  insufficiency,  403 
Thallium,  sodium  thioglycollate,  367 
ThioglycoUic     acid,     preparation     of     metal 
salts  of,  359 
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Titanium,   368 

Toxin-antitoxin,   mixtures   of,   used   for  im- 
munization, 121 
Training    and    proper    recognition    of    tlie 

laboratory  technician,  644 
Transfusion  with  immunized  blood  in  case 
of    infectious    endocarditis,    unsuc- 
cessful result  following,  191 
Tubercle   bacilli,   effect   of   amino   acids   on 

growth  of,  96 
Tuberculosis  and  influenza,  105,  651 
and  reinfection,  162 
and    resistance    of    the    red    blood    cells, 

492 
chaulnioogra  oil  in  the  treatment  of,  415 
in  Siam,  206 

what  we  know  and  what  we  do  not  know 
about,  112 
Tumors,     benign,     of     the     gastroint'-stii.al 
tract,  339 
in  Siam,  207 
Tungsten,  sodium  thioglyeollate,  370 
Typhoid   and   paratyphoid   infections,   diag- 
nosis of,  335 
fever    and    resistauce    of    the    red    blood 
cells,  493 
in  Siam,  208 
Typhus    fever,    are    we    in    danger   of,    347 

U 

Uranium,   sodium  thioglyeollate,   370 
Uric  acid,  distrilmtiou  in  the  blood,  680 


Vaccines,  effects  of,  on  nontuberculous  dis- 
ease of  the  lung,  353 


Vanadium,  sodium  thioglyeollate,  369 

Van  Slyke  's   titration   metliod   for   estimat- 
ing the  alkali  reserve  of  blood,  37 

Variations  in  the  Wassermann  reaction,  98 

Vasomotor  reactions  of  huraa.n   subjects  to 
chilling    of    body    surface,    experi- 
mental studies  of,  184 
to  chilling,  253 

Ventilation,   present   day   method   of   study- 
ing, 321 
weather,  and  the  common  cold,  602,  684 

Ventricular    systole,   factors  modifying   du- 
ration of,  291 

Vitamine,  notes  on,  711 

Vividiffusion  method   of   Abel,  modification 
of  the  teehnic  of,  520 


W 

Wassermann     reaction,     ice    water-bath     in 
complement  fixation  for  the,  31)2 
negative  in  syphilis,  653 
variations  in,  98 
test,  and  its  interpretation,  570 

complement    vs.    amboceptor    titrations 

in,  153 
in  pregnancy,  590 

standard    method     for    preparing    and 
standardizing  lipoidal  antigens  for, 
624 
Weather,  ventilation,  and  the  common  cold, 
602,  684 


Zinc,  sodium  thioglyeollate, 
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Proof-reading. — Read  carefully,  with  special  attention  to  spelling  of  names 
and  bibliographic  data.  Make  corrections  in  the  margin  only  with  lines  drawn 
from  the  revision  to  the  point  of  change  in  the  text.  Answer  queries  in  the 
proof  by  making  correction  or  crossing  out  the  query.  Verify  your  refer- 
ences from  the  sources,  not  from  your  carbon  copy. 
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